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vMany recent innovations, particularly in the field of biotechnology, informat-
ics, artificial intelligence, nanotechnology, and cognitive sciences, create a 
new vision upon the different aspects of football medicine.
They find their applications as well in the prevention, the diagnosis, and 
the therapy.
But at the end of all that comes the most difficult decision: the return to 
play.
Our English friends say: “The proof of the pudding is the eating.”
In my experience, “return to play” decisions are among the most difficult 
challenges for us, football doctors, whereby we must, of course, make good 
use of the classical criteria, without underestimating our clinical judgment 
and our personal experience.
The “return to play” moment is an important moment, in the first place for 
the player himself, reaching the end of a dark medical tunnel, but also for his 
medical and technical surrounding.
The surgeon, the team doctor, and the physiotherapist are concerned: they 
take the responsibility of giving the green light to the player, being under a 
constant pressure of coaches, directors, and fans, who consider every reha-
bilitation as too long, but knowing that the most frequent reason for a new 
injury is an old injury.
Also concerned is the technical staff, particularly the fitness coach, respon-
sible for a progressive evolution of the intensity and pressure of trainings and 
matches.
The “return to play” moment opens the door of the medical and paramedi-
cal infrastructure and allows the player, at last, to enjoy again the smell of the 
grass.
It is the moment where medical and technical collaborators join their 
efforts, proving that only their perfect symbiosis reaches the best result.
 Michel d’Hooghe
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1.1  Introduction
Sports-related injuries in pediatric and adolescent 
athletes are common and provide challenges in 
determining the best course of care and appropri-
ate criteria for the athletes return to sport. Injuries 
to adults are also significant in that they can per-
manently impair function and severely limit 
activities of daily living. In football, the knee 
joint is one of the most common sources of both 
contact and noncontact injuries. Current work in 
the field of sports medicine aims to diagnose 
injuries accurately, implement appropriate surgi-
cal/nonsurgical treatment solutions and, ulti-
mately, develop the best criteria for early return 
to sport. In order to best achieve these goals, it is 
important to understand the normal function of 
the body in response to daily loading. Functional 
biomechanics plays a large role in evaluating the 
body’s response to both normal and excessive 
loading, such as in an injury event.
Biomechanics is an interdisciplinary field that 
utilizes principles of mechanics applied to the 
human body in order to improve function through 
design and development of equipment, as well as 
analysis of systems and therapies. Applied bio-
mechanics can provide additional knowledge of 
the effect of loading on the musculoskeletal sys-
tem and the mechanical responses of the body to 
these loads, which can be used to assess both nor-
mal and abnormal function, as well as predict 
changes and propose interventions. Additionally, 
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4basic biomechanics explores the effects of exter-
nal forces and moments required for movement 
and, in effect, the consequence of internal loads 
on soft tissue deformation. This chapter will 
explore important, sports-related biomechanics 
concepts and is divided into four different topics: 
statics, dynamics, mechanics of materials, and 
applications. Throughout the chapter are exam-
ples of applying these biomechanical principles 
to sports medicine problems and improving 
return to play following injury.
Functional biomechanics allows one to appre-
ciate the relationships and interactions that various 
systems, segments, and body parts have with one 
another that contribute to its ability to perform. 
These relationships are the foundation for under-
standing the complexities of human function.
1.2  Statics
Statics analysis of structures evaluates the effect 
of external loads on a rigid body at rest or in 
motion at a constant velocity. When applied to 
the body, statics analysis allows for the determi-
nation of the magnitudes and directions of pas-
sive, soft tissue forces (e.g., ligaments), muscle 
forces, and joint reaction forces. In order to per-
form a statics analysis, a basic principle of phys-
ics must be applied.
1.2.1  Newton’s Law of Static 
Equilibrium
Newton’s law of static equilibrium states that a 
body at rest remains at rest and a body in motion 
tends to stay in motion at a constant speed and in 
the same direction unless acted on by an unbal-
anced force. Additionally, every force of action 
has an opposite and equal reaction in order to 
maintain this balance. An example of this con-
cept is the ground reaction force. Every time a 
person places his/her foot on the ground, there is 
an equal and opposite force exerted from the 
ground up through the foot. This ground reaction 
force is transmitted through the kinetic chain of 
the body (foot, ankle, knee, hip, back, etc.), 
which loads our joints. As the body prefers a state 
of equilibrium, drastic changes in the ground 
reaction force, in terms of magnitude and direc-
tion, can lead to potential injury. Similarly, within 
joints, there are muscles and connective tissues 
that create a joint reaction force in order to main-
tain proper joint stability.
When considering a state of static equilib-
rium, the forces and moments acting on the body 
must equate to zero (i.e., no motion). The result-
ing equations for force and moment equilibrium 
in three dimensions are:
∑Fx = 0; ∑ Mx = 0
∑Fy = 0; ∑ My = 0
∑Fz = 0; ∑ Mz = 0
Forces provide both mobility and stability to 
the body but can also introduce the potential to 
deform and injure the body. Healthy tissue can 
typically withstand the deformations caused by 
these action and reaction forces; however, injured 
or diseased tissue may not be able to sustain the 
same loads required to perform activities of daily 
living. Statics analysis allows the researcher to 
represent the complex interactions of the forces 
and moments acting on the body through the use 
of vectors and free-body diagrams.
1.2.2  Free-Body Diagrams
To better evaluate a biomechanical system, such 
as forces or moments being applied to a specified 
part of the body, free-body diagrams are an effec-
tive tool to simplify a complex analysis. Free- 
body diagrams provide a “snapshot” that 
represent the interaction between body and envi-
ronment and allow for visualization and ease of 
calculation by properly identifying all the forces 
and moments acting on the body of interest in 
order to successfully achieve equilibrium.
Force vectors generate the “push and pull” to 
a system and can originate from internal sources 
(i.e., muscle forces and joint contact forces) as 
well as external sources (i.e., friction forces and 
gravitational forces). A moment (or torque) is a 
force applied at a distance from a fixed point 
that tends to cause the rigid segment to rotate. 
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5The magnitude of the moment is a product of 
the force applied and the perpendicular distance 
from the applied force to the fixed point. This 
distance is commonly defined as the moment or 
lever arm. A larger moment arm requires less 
force to achieve equivalent angular motion 
about the axis of rotation. Although a moment 
can be calculated about any point, typically 
when performing biomechanical analyses, it is 
calculated about a joint axis of rotation.
Using the example of a leg extension exercise 
(Fig. 1.1a) in evaluating the forces about the knee 
joint, a free-body diagram can assess the change 
in tension in the quadriceps muscles when adding 
a weight to the ankle (Fig. 1.1b). The applied 
forces (both external and internal forces) through-
out the system are drawn in order visualize the 
problem. External forces in the leg extension 
problem are represented by the weight of the leg 
and the ankle weight, and internal forces are rep-
resented by the force in the quadriceps and the 
joint reaction force (Fig. 1.1c). The external 
weight, combined with the weight of leg, causes 
the leg to experience a flexion moment, while the 
force from the quadriceps acts in extension in 
order to balance these external moments 
(Fig. 1.1d). It is important to note the significant 
difference in the moment arm between the quad-
riceps force and the external forces. It is not 
uncommon for muscle forces to exhibit force 
magnitudes several times greater than the applied 
external loads for balance, due to the significantly 
shortened moment arm of the muscle. Once all of 
the forces in the free-body diagram have been 
defined, the laws of static equilibrium are applied 
to solve for the unknown muscle forces and joint 
reaction forces.
Reducing the joint reaction force is a common 
strategy in rehabilitation programs aimed at pre-





















Fig. 1.1 (a) Simulation 
of a person performing a 
leg extension. (b) The 
ankle weight applies an 
external force (FExt) 
downward in addition to 
the gravitational force 
due to the weight of the 
lower leg (FWLeg). The 
quadriceps muscle 
generates a force 
(FQuadriceps) to the lower 
leg and causes a joint 
reaction force (FR) at the 
knee to keep the joint 
stabilized. (c) A 
free-body diagram of the 
lower leg representing 
each force as an arrow, 
with the head of the 
arrow pointing in the 
direction of the applied 




moment (MQuadriceps) to 
resist the clockwise 
moments due to the 
weight of the lower leg 
(MWLeg) and ankle 
weight (MExt)
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6arthritis. This is commonly achieved by changing 
the magnitudes of muscle forces or reducing 
external loads transmitted through the body. For 
example, a person with medial tibiofemoral 
osteoarthritis may use a cane on their contralat-
eral side in order to reduce the joint reaction 
forces in the painful/affected knee joint. When 
obesity is a factor, a weight reduction program 
may be implemented to reduce the joint reaction 
forces. Alternatively in sports rehabilitation, stat-
ics analysis can be implemented to improve 
strengthening programs tailored to best target the 
proper muscles for the recovering athlete and 
expedite return to play.
1.2.3  Ligament and Joint Contact 
Forces
These concepts of statics analysis can be applied 
not only to whole-body analyses but also at the 
joint and tissue level. For the typical joint, forces 
can be related to compression and shear. The tib-
ial plateau and femoral condyles experience com-
pressive forces in the direction perpendicular to 
each articular surface while standing with the 
knee in full extension (Fig. 1.2a). Shear forces are 
experienced in the tangential direction along the 
surface of interest (Fig. 1.2a), such as when per-
forming an anterior drawer test. Forces can also 
be transmitted through the soft tissue structures. 
During a pivoting maneuver, the anterior cruciate 
ligament (ACL) can become significantly loaded 
to resist anterior tibial translation and provide sta-
bility for the joint. This represents functional 
loading of the joint and soft tissue. However, after 
an injury such as an ACL rupture, opposing shear 
forces cannot be transferred through the ligament, 




a bFig. 1.2 (a) At the joint 
surface, the knee can 
undergo compressive 
forces (blue arrows), 
which act in the 
direction perpendicular 
to both surfaces, or shear 
forces (orange arrows), 
which act in the 
tangential direction to 
both surfaces. (b) Forces 
applied to the knee joint 
are transmitted through 
the ACL (solid tibia; 
blue arrows), which 
resist anterior motion. 
Rupture of the ACL 
(shaded tibia; orange 
arrow) leads to 
excessive anterior 
motion and instability as 
the forces are unable to 
be transmitted properly
Fact Box 1 Statics
• Statics analysis assumes state of 
equilibrium.
• Utilizes Newton’s laws of static equilib-
rium and action-reaction.
• Free-body diagrams aid to simplify 
complex systems to understand net 
external and internal forces and 
moments.
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71.3  Dynamics
Dynamics is the study of systems in motion, where 
the laws of equilibrium have been violated and the 
net forces and moments of a system do not equate to 
zero. Analysis of bodies in motion can be subdi-
vided into two subgroups: kinematics and kinetics. 
Kinematics describes the motion of the bodies with-
out regard to the forces causing the motion. This is 
typically done by characterizing the geometric and 
time-dependent aspects of motion. Conversely, 
kinetics utilizes concepts from kinematics but addi-
tionally includes the effects of the forces and 
moments within a system. Both kinematic and 
kinetic analyses are commonly performed in sports 
biomechanics for evaluating motion. This section 
will primarily focus on kinematics.
1.3.1  Kinematics
As previously stated, kinematics studies motion 
without regard to the forces and moments caus-
ing the motion, which include translations and 
rotations. Translations are simply the linear 
motions in which all the points of a rigid body 
move simultaneously in the same direction and at 
the same velocity. Rotations are the angular 
motions of a rigid body along a circular path and 
about an axis of rotation. During passive knee 
flexion, the tibiofemoral joint undergoes both lin-
ear and angular motions, and both of these 
motions can occur in multiple planes, such as 
combined flexion-extension with internal- 
external tibial rotation.
Motion at an articular surface can be described 
in terms of three motions that exist resulting from 
a convex surface moving on a concave surface 
(Fig. 1.3). Rolling motion occurs when the con-
vex surface rotates. This causes a change in the 
point of contact for both articular surfaces. A 
sliding motion is experienced when one articular 
surface translates across the other with no rota-
tion and progressively changes the point of con-
tact. Lastly, spinning motion occurs at a single 
point of contact on the fixed surface, where the 
point of contact changes on the rotating surface 




Fig. 1.3 Three 
fundamental motions 
that occur between 
articular surfaces. The 
point of contact changes 
on both articular 
surfaces during rolling 
motion. The point of 
contact on the moving 
surface remains constant 
during sliding motion. A 
single point of contact 
occurs on the fixed 
surface during a 
spinning motion. Some 
joints, such as the 
tibiofemoral joint, 
experience up to all 
three of these motions 
simultaneously
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8joint during flexion, the femur (convex surface) 
will roll in the posterior direction but slide in the 
anterior direction along the tibial plateau. This 
type of convex-concave motion encompasses all 
three motions (rolling, sliding, and spinning) of 
the femur relative to the tibia through flexion 
rotation, anterior translation, and external rota-
tion, respectively.
Clinically, it is important to understand these 
joint motions when performing a pivot-shift 
maneuver for evaluating the knee joint for stabil-
ity and assessing potential injury. The pivot-shift 
maneuver is performed through the combination 
of compressive and valgus forces, as well as 
internal rotational torques applied to the lower 
leg. These forces and torques generate simultane-
ous sliding (translational), spinning (rotational), 
and rolling (flexion) motions at the joint surface, 
which elicit the integrity of the ACL and its abil-
ity to stabilize these joint motions. Objective 
quantification of the pivot-shift maneuver can 
allow clinicians to track the changes in these joint 
motions post-surgery and throughout a rehabili-
tation program in order to make the most 
informed decision about the athlete’s knee state 
and function. This objective quantification has 
been an ongoing research topic [1], with studies 
using inertial sensors [2], electromagnetic track-
ing sensors [3], and tablet computer software 
programs [1] to track the complex rolling, slid-
ing, and spinning motion of the knee joint during 
clinical exams.
In football, noncontact tears of the ACL are 
common, and injury is 3–4 times higher particu-
larly among female athletes [4]. Studies have 
shown significant changes in the joint motions 
after ACL tears in terms of increased rotations 
(spinning) and joint translations (sliding). The 
choice of the surgical technique and graft type 
can significantly impact the restored motion of 
the joint and, ultimately, the athlete’s ability to 
return to play. For example, it has been shown 
that drilling a femoral tunnel via an anteromedial 
portal improves anterior-posterior translation and 
external femoral rotation during gait compared to 
transtibial techniques [5]. Additionally, a recent 
study found significant improvements in rotatory 
kinematics during gait when using a double- 
bundle ACL reconstruction compared to a single- 
bundle ACL reconstruction [6]. It should be noted 
that neither the single-bundle nor double-bundle 
ACL reconstructions were able to fully restore 
rotational kinematics during gait after 14 weeks 
of postoperative physiotherapy. In order to 
improve outcomes from these surgeries, it is 
important to understand the forces within struc-
tural tissue, such as ligaments, and how the prop-
erties of the tissue can affect its function.
1.4  Mechanics of Materials
Mechanics of materials is the study of forces and 
their effects on motion within rigid and deformable 
systems. When examining the behavior of solid 
bodies, such as the forces acting on joint limbs and 
their resulting motions, rigid body mechanics may 
apply. When examining the effect of forces and 
motions on the internal stresses of the body, deform-
able mechanics may apply. Both rigid body mechan-
ics and deformable mechanics provide information 
about the behavior of the body and tissue structures 
(i.e., ligaments) when exposed to loads, particularly 
when these loads can lead to injury.
1.4.1  Rigid Body Mechanics
Rigid body mechanics assumes that any deforma-
tions caused by forces acting on a body are negli-
gible. While this assumption can aid in simplifying 
biomechanical analyses, it should be noted that no 
Fact Box 2: Kinematics
• Kinematics studies motions without 
regard to the forces and moments caus-
ing motion.
• Motion of the human body can occur 
simultaneously in multiple planes.
• Understanding and measuring changes 
in joint motion are important for devel-
oping appropriate treatment strategies 
and developing criteria for return to 
sport.
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9material in the human body can truly be consid-
ered a rigid body, as all tissues undergo some 
degree of deformation. Therefore, it is important 
to clearly understand when the rigid body assump-
tion is applicable. If one material is much stiffer 
than the other or the deformations experienced by 
a body are much smaller than the translations or 
rotations of that body, then the rigid body princi-
ple can be applied. Branches of statics and dynam-
ics are forms of analyses that utilize the principle 
of rigid body mechanics. For example, when ana-
lyzing gait, the translations and rotations of the 
lower extremity will be much greater than any 
deformations experienced by the segments of the 
lower extremity, allowing it to be treated as a rigid 
body. This assumption is also applicable when 
performing mechanical testing of a joint complex, 
such as the femur-ACL-tibia complex, where the 
bones can be considered a rigid body since it is 
much stiffer than the ligament tissue. Traditional 
approaches to evaluate both static and dynamic 
systems assume that each object in the system is a 
rigid body. The following section better accounts 
for the realistic deformations that occur in the 
musculoskeletal system as a result of loads 
applied at the tissue level. This includes both soft 
(articular cartilage, tendons, ligaments, capsular 
tissues) and hard (bone) tissues.
1.4.2  Structural Properties 
of a Complex
Mechanics of materials when applied to a struc-
ture that may incorporate multiple materials or 
tissue types (termed complex) can provide infor-
mation about the structural properties of the com-
plex when exposed to different forms of loading 
(i.e., tensile, compressive, shear). For example, 
the structural properties of the femur-ACL-tibia 
complex can be determined in response to a ten-
sile load to assess its load-elongation behavior. 
To do this, a tensile force is applied to the bone- 
ligament- bone complex, causing the tissue to 
become stretched until the complex ruptures. 
While loading is applied, the corresponding 
increase in length in the complex is measured. 
The resulting nonlinear load-elongation curve 
that is typical of biologic soft tissues provides 
information about the structural properties of the 
tissue complex, such as its stiffness and ultimate 
load at failure. These parameters are important to 
define for healthy tissue as, clinically, they can 
factor into the graft choice for a reconstruction 
surgery. Table 1.1 clearly shows the differences 
between the structural properties of different tis-
sue complexes that are commonly used as graft 
types for ligament reconstruction [1]. These 
properties can significantly affect the function of 
the joint and should be carefully considered prior 
to reconstruction.
In the biomechanics field, it has been well 
established that factors such as age, injury, and 
healing can significantly affect the structural 
properties of a bone-ligament-bone complex as 
well as the failure mode of the complex [10, 11]. 
Tensile failure tests in a rabbit femur-medial col-
lateral ligament (MCL)-tibia complex demon-
strated significant increases in tensile strength as 
a result of maturation. Additionally, failure 
modes in these models progressed from tibial 
avulsions in the younger tissue to failure in the 
midsubstance of ligament [11]. It has also been 
shown in a recovering femur-MCL-tibia complex 
that the recovering tissue complex exhibits sig-
nificantly decreased stiffness (53%) and ultimate 
load (29%) compared to an uninjured joint state 
[10]. These classic studies have provided evi-
dence as to how the structural properties of tissue 
complexes change as a result of aging, injury, and 
Table 1.1 Structural properties of common ACL graft choices for reconstruction
Native ACL Hamstring tendon [7] Patellar tendon [8] Quadriceps tendon [9]
Doubled ST + GT 10 mm graft
Load-to-failure (N) 2160 2831 2977 2353
Stiffness (N/mm) 242 456 455 326
ST semitendinosus tendon, GT gracilis tendon
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throughout recovery. These concepts are impor-
tant when evaluating the rehabilitation choice 
(surgical vs. nonsurgical) for an injured athlete 
and the timeline for return to play.
1.4.3  Mechanical Properties 
of Tissue
It is also important to understand the mechanical 
response of an individual tissue or material, which 
is independent of specimen geometry, by using 
normalized load and deformation parameters. 
Measuring the mechanical properties of tissues, 
such as ligaments, can be used to evaluate the 
quality of the tissue when making comparisons 
between normal, injured, and healing states and 
are represented by the stress-strain relationship. 
Stress is defined as the amount of force applied 
per unit area and is one of the most basic engi-
neering principles. Strain is considered as a 
dimensionless measure of the degree of deforma-
tion in the tissue, which is defined as the change in 
length per unit length. Stress-strain relationships 
are obtained experimentally during tensile, com-
pressive, or shear loading of the excised tissue.
A typical stress-strain curve for biologic tis-
sues consists of four distinct regions (see 
Fig. 1.4). The first noticeable region is a nonlin-














Fig. 1.4 (a) Conceptual example of load-to-failure test in 
the ligament consisting of four regions of loading: (1) ini-
tial recruitment of the collagen fibers; (2) increased load 
bearing through the ligament; (3) continued loading and 
deformation of the ligament; (4) ultimate rupture of the 
ligament. (b) Stress-strain curve of the ligament substance 
that characterizes the mechanical properties during a load- 
to- failure test. Regions 1, 2, 3, and 4 correspond to the toe 
region, linear region, partial failure of the material, and 
complete rupture of the material, respectively
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of the material occurs with a minimal increase in 
stress. This is a direct result from stretching of 
the crimped collagen fibrils as the fibers are being 
drawn taut in the material and before significant 
tension occurs within the material. Strain 
becomes linearly proportional to stress in region 
2, and the slope of the curve in this region can be 
calculated to determine the tangent modulus of 
the tissue. The tangent modulus defines the 
threshold of the material beyond which perma-
nent deformation (plastic) can begin to occur. 
The area under the curve within this linear region 
can be referred to as the strain energy density. 
This region is commonly reached during daily 
activities, where the tissue undergoes a form of 
“elastic” deformation, meaning the tissue will 
return to its original length or shape upon unload-
ing. Furthermore, the energy used to deform the 
tissue is released when the applied stress is 
removed. When the tissue experiences abnor-
mally large levels of strain, the tissue undergoes 
only a marginal increase in corresponding stress 
(region 3). It is at this point that the tissue begins 
experiencing microscopic failures. The area 
under this region of the curve represents plastic 
deformation energy. Once the tissue undergoes 
this amount of deformation, the tissue does not 
recover and return to its original state in its 
entirety upon release of the deforming stress. If 
the tissue continues to deform, it will eventually 
experience complete failure (region 4). Common 
mechanical properties of tissues derived from 
mechanical tests include modulus, ultimate 
strength, ultimate strain, and strain energy den-
sity. These properties describing the mechanical 
properties of tissue can be used to evaluate 
injured and healing states.
Clinically, the mechanical properties of tissue 
can be significantly influenced by not only injury 
but also during recovery [10, 12]. The detrimen-
tal effects of disuse injuries have been well docu-
mented. Specifically, immobilization of tendons 
and ligaments can significantly reduce the 
mechanical properties of the tissue as well as the 
mass of the structure [12]. Additionally, the long- 
term effects of disuse have been shown to require 
up to 12 months of time for complete recovery of 
ligament strength parameters [13]. Classic 
studies have had a major impact on the decision 
hierarchy for return to play that has evolved in 
sports medicine/sports traumatology over time.
1.4.4  Viscoelasticity
Viscoelastic materials exhibit both solid-like char-
acteristics, such as strength and elasticity, and flu-
idlike characteristics, like flow, which are 
dependent on time and rate of loading. Most tis-
sues within the musculoskeletal system demon-
strate at least some degree of viscoelasticity. When 
plotting a load-elongation curve during a nonde-
structive tensile test, unloading of a viscoelastic 
material will leave a region between the loading 
and unloading curves known as hysteresis, a com-
mon viscoelastic property of all biologic tissues 
(Fig. 1.5). This region of hysteresis is created due 
to energy lost (heat) when unloading the material. 
Preconditioning with repeated loading and unload-
ing of the tissue decreases this area of hysteresis 
and maximizes elongation of the tissue, which is 
why athletes precondition the tissue in their bodies 
to maximize performance by completing repetitive 
stretching activities prior to competition.
A viscoelastic material experiences two com-
mon phenomena known as creep and stress 
relaxation. Creep describes a progressive 
increase in elongation of a material when 
exposed to a constant load over time (Fig. 1.6a). 









Fig. 1.5 Load-elongation curve of a biological soft tissue 
in response to an applied tensile load. The area between 
the loading and unloading curves represents the energy 
absorbed by the tissue during this loading regimen, which 
is known as hysteresis
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a material to move or deform in response to a 
constant stress. Conversely, with stress relax-
ation, a decrease in load occurs over time upon 
application of a constant elongation (see 
Fig. 1.6b). Stress relaxation is the phenomenon 
that occurs in a material to relieve stress under a 
constant elongation due to the fluidlike charac-
teristic of viscoelasticity. For both creep and 
stress relaxation, the tissue will reach a state of 
equilibrium after a period of time.
A practical observation of creep in the clinic is 
demonstrated when the length of a graft from a 
tendon or ligament reconstruction inevitably 
increases from its original length. Applying both 
tension and circumferential compression of ham-
string ACL grafts has been shown to elongate the 
graft while reducing the average diameter by as 
much as 0.7–0.8 mm [14]. Foregoing this precon-
ditioning could potentially lead to instability due 
to creep-related elongation over time as well as a 
mismatch of graft diameter within the bone tun-
nel. This is clinically relevant as surgeons may be 
able to reduce the size of their bone tunnel for 
operation, thus reducing the amount of bone 
removal.
1.5  Applications
The concepts presented throughout this chapter 
provide a methodology to understand and quan-
tify how the human body performs activities of 
daily living. This information can be used in 
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a bFig. 1.6 Viscoelastic 
phenomena exhibited by 
biologic tissues include 
(a) creep response due 
to a constant applied 
load and (b) stress 
relaxation response due 
to a constant applied 
elongation over some 
time
Fact Box 3: Mechanics of Materials
• Mechanics of materials studies forces 
and their effect on motion.
• Mechanics of materials can be used to 
understand structural properties of 
whole tissue complexes and mechanical 
properties of individual tissue, such as 
ligaments.
• Biomechanical properties are important 
for understanding changes in the native 
tissue when injured, as well as impor-
tant to choosing the best surgical graft 
for repair.
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diagnosis, advance surgical reconstruction tech-
niques, and monitor rehabilitation programs to 
aid the player in return to play.
1.5.1  Injury Diagnosis
Functional biomechanics can be used when eval-
uating and improving the diagnosis of potential 
injuries by conceptualizing the forces and 
moments (i.e., free-body diagrams) applied dur-
ing an activity and identifying the appropriate tis-
sues supporting these loads. For example, 
understanding the magnitude and direction of the 
loads applied during an anterior drawer test can 
aid in identifying the state of the ACL, as it is the 
primary restraint to anterior tibial load. 
Applications of biomechanics has led to the 
development of tools and devices capable of pro-
viding objective quantification of the pivot-shift 
test, which can be used to identify the function 
and injury state of the ACL. Improving the 
 accuracy and clinical utility of these applications 
will one day allow athletic programs to imple-
ment these tools in establishing a baseline mea-
surement of each athlete’s joint motions upon 
entering the program, thus improving diagnosis 
when an athlete has suffered an injury.
1.5.2  Surgical Reconstruction
The purpose of surgical reconstruction is to 
restore function by replacing nonfunctional tis-
sue with a replacement, such as a graft or other 
implant. However, in order to adequately restore 
function, it is important to understand the 
mechanics and biomechanical properties of the 
original tissues and whatever material is being 
used to replace them. Any materials being used 
to replace natural tissues, such as tendons or 
ligaments, must be able to function under the 
same range of motion experienced by those con-
nective tissues while maintaining adequate 
strength and stiffness. For example, the ACL is 
part of a complex loading environment 
experiencing both shear and longitudinal 
stresses during normal gait. The primary func-
tion of the ACL is to resist anterior translation of 
the tibia with respect to the femur. The graft 
choice for ACL reconstruction must match the 
stiffness of the original tissue in order to suffi-
ciently resist anterior translation of the tibia due 
to the forces and moments experienced during 
gait. However, the graft must also be compliant 
enough to allow for the normal range of knee 
motion. Time-dependent viscoelastic properties 
of the graft must also be taken into account, 
since any amount of creep occurring after the 
surgical reconstruction can result in increased 
translations at the joint.
1.5.3  Improving Rehabilitation
Principles of biomechanics are important to con-
sider when developing rehabilitation programs 
for individuals after injury and/or surgery. Statics 
analysis can aid the clinician in developing the 
best rehabilitation treatment exercise that will 
optimize the muscular/soft tissue activity for ear-
lier recovery.
Designing a rehabilitation protocol that main-
tains range of motion and muscle strength is 
advantageous to the long-term healing of the 
patient. However, overaggressive rehabilitation 
could lead to failure of the repair. For example, it 
is common for limited weight bearing and range 
of motion exercises to be prescribed within the 
first week after an ACL reconstruction. These 
exercises are meant to provide functional levels 
of preconditioning in order to minimize the vis-
coelastic effects within the graft and prevent 
degenerative changes associated with immobili-
zation. Knowledge of normal biomechanical 
properties can be used to design a regimen that 
would maintain motion and muscle tone while 
also protecting the graft used for repair, which 
would ultimately expedite recovery.
 Conclusions
Despite the advances in diagnostic tools, sur-
gical treatments, rehabilitations techniques, 
and injury prevention programs, ligament 
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tears, particularly of the ACL, are still com-
mon in sports. The field of biomechanics will 
continue to explore each of these aspects of 
sports injury in order to improve existing 
treatment methods or develop newer modali-
ties to prevent injury and expedite the players’ 
return to play. This chapter introduced the 
basic terminology and concepts of statics, 
dynamics, and mechanics of materials using 
examples relevant to sports medicine and 
return to sport. The concepts discussed pro-
vide a guideline to approaching both static and 
dynamic systems to estimate unknown forces 
and moments experienced on the body by use 
of a free-body diagram. A description of bio-
logic materials within the musculoskeletal 
system has been presented. Although biome-
chanics has great depth and breadth to it, the 
concepts presented should allow the reader to 
begin making the link between sports medi-
cine and biomechanics.
Take-Home Message
• Newton’s laws of motion are used to describe 
the relationship between the forces applied to 
the body and the results of those forces on 
human motion.
• Statics analysis evaluates the external effects 
of forces on a rigid body at rest or during 
motion with a constant velocity.
• Dynamic analyses evaluate bodies in motion 
and can be divided into two subgroups: kine-
matics (motion without regard to forces and 
moments) and kinetics (includes the effect of 
forces and moments).
• Mechanics of materials can be utilized to evalu-
ate biologic materials, including both soft and 
hard tissues, under different forms of loading 
and characterize the tissue based on two catego-
ries: structural properties of whole tissue com-
plexes (i.e., bone-ligament-bone) and mechanical 
properties of tissue (i.e., ligaments).
• Structural properties of tissue complexes pro-
vide the mechanics of a structure that incorpo-
rates multiple materials or tissue types and the 
response of this complex to tensile, shear, and 
compressive loading.
• Mechanical properties of tissue are evaluated 
by the stress-strain relationship and can be 
used to evaluate the quality of the tissue when 
making comparisons between normal, injured, 
and healing states.
• Understanding the biomechanical properties 
of tissue is important for improving injury 
diagnosis, generating new therapies through 
surgical reconstruction, and designing func-
tional rehabilitation strategies.
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2.1 Overview
Human performance optimization is a broad term 
used to refer to maximizing the potential for suc-
cess in occupational and competitive athletes who 
fall into a wide range of populations. In the context 
of football, human performance optimization falls 
to a number of disciplines, including coaches, 
trainers, physiotherapists, and dieticians. Further, 
the modalities for improving human performance 
align with these professions and can include opti-
mizing physical characteristics (strength, power, 
speed, aerobic capacity, fatigue resistance), techni-
cal skills (passing, shooting, tackling), nutrition, 
and injury risk profiles. Given the highly competi-
tive arena that football clubs operate in globally, 
the aforementioned disciplines are always looking 
for a way to give their player’s the smallest edge 
over other clubs.
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While many concepts around human perfor-
mance optimization in football are well known 
and developed, the field is ever evolving. Old 
practices are shown to be ineffective, and new 
practices are tested and implemented to replace 
them. Therefore, staying in tune with the latest 
developments and ideas in human performance 
optimization is key for clinicians charged with its 
practice. This chapter will outline emerging con-
cepts, both in football literature and clinical prac-
tice, related to training, injury prevention, 
nutrition, and technologies used for monitoring 
and tracking human performance characteristics.
Incorporation of resistance training into a fit-
ness regimen has been widely recommended for 
maintaining or improving overall health, as well 
as athletic performance [1]. Resistance training 
has been shown to decrease blood pressure, 
improve glucose tolerance and insulin sensitivity, 
and reduce osteoporosis, among a myriad of other 
potential benefits [2–5]. Reductions in total body 
fat, local adipose tissue, and increased basal meta-
bolic rate have also been noted previously in those 
performing resistance training [6] Relative to ath-
letic performance, a specific resistance training 
program can increase muscular strength, power, 
speed, muscle size, endurance, balance, and coor-
dination [7]. The health benefits of resistance 
training are widely noted, and improvements in 
athletic characteristics, like muscular strength, are 
often seen as a result of resistance training [8].
2.2  Guiding Principles 
of Training Adaptation
2.2.1 Progressive Overload
Progressive overload refers to gradually increas-
ing the stress placed on the body during a resis-
tance training program [9]. The human body has 
an innate ability to adapt to increasing levels of 
stress; thus, it is necessary to incrementally 
increase the force output demand to elicit continu-
ous adaptations to resistance training over an 
extended period of time [6]. Increasing “stress” 
during a resistance training program should be 
highly individualized and could include increas-
ing the load, manipulations of frequency or dura-
tion of training, changing the speed with which a 
repetition is completed, altering rest periods 
between sets, or increasing training volume (num-
ber of repetitions completed in a single session) 
[9–11]. Applying overload should be specific to 
the desired adaptations one is trying to elicit from 
the resistance training program [9, 11].
2.2.2 Specificity
Specificity refers to the body’s response and adap-
tations to an applied stimulus [6, 9, 10]. A resis-
tance training program should be individualized, 
and the exercises chosen should mimic the spe-
cific demands of the individual’s sport (see Fact 
Box 3 for a football-specific needs analysis) [11, 
12]. Physiological adaptations are specific to the 
exercises that are completed and include move-
ment velocity, range of motion, energy systems 
utilized, and muscle actions involved [6, 9–11].
2.2.3 Variation
Resistance training variation is a systematic alter-
ing of the training stimulus [6, 9–11]. Application 
of this principle is crucial for obtaining continual 
adaptations, especially over long-term training 
programs [6, 9]. Further, variety can help limit 
“staleness” in those being trained and can 
enhance adherence to training programs [9, 11]. 
Altering training volume and intensity have been 
shown to best optimize training adaptations in 
athletic populations [10, 11]. Indeed, a recent 
systematic review concluded that varying the 
stimulus, relative to the individual’s training his-
tory, is of greater importance than the type of 
periodization chosen to design the program [13].
2.3 Basics of Program Design
The American College of Sports Medicine recom-
mends using periodized over non-periodized 
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 training in healthy adults [14]. Periodization, at its 
core, has three fundamental goals: (1) to provide an 
outline for maintaining a certain level of physical 
fitness pertinent to success in sport, (2) to reduce 
the potential for overtraining, and (3) to reach max-
imum physical fitness at the most appropriate time, 
i.e., competition [15, 16]. The concept can be 
divided into two overarching categories: linear, or 
“traditional,” and nonlinear. Both methods have 
been shown to elicit significant adaptations, but 
according to the current evidence, there is no differ-
ence in the magnitude of fitness gains between the 
two [13]. Still, arguments for and against each type 
of periodization remain highly debated.
2.3.1 Linear Periodization
Linear periodization is a design where the initial 
training load is characterized as high volume/low 
intensity and gradual progression through the 
training program leads to lower-volume but 
higher-intensity exercises [9, 11]. The end goal is 
preparation for a competition, so the high-inten-
sity exercises would ideally peak near the compe-
tition date. The linear periodization model can be 
broken down into cycles; weekly, monthly, and 
multi-monthly cycles have been previously 
described [9, 11]. Comprehensive descriptions of 
micro- (weekly), meso- (monthly), and macro-
cycles (multi-monthly) can be found elsewhere 
and are beyond the scope of this work [9, 11]. 
Linear periodization can be viewed as the “tradi-
tional” model, as it has a well-established record 
of success for increasing physical fitness adapta-
tions [13]. However, modifications have been 
proposed that suggest linear periodization may 
not be optimal for training advanced athletes.
2.3.2 Nonlinear Periodization
Nonlinear periodization, sometimes referred to 
as “undulating” periodization, uses shorter 
cycles (daily, weekly, or biweekly) to add more 
variety to the training stimulus [9, 11, 13]. Stone 
and colleagues [17] have suggested that this 
type of periodization may be more appropriate 
for advanced athletes, whereas linear may be 
best suited for novice athletes due to the likeli-
hood of gradual intensity increases still able to 
induce adaptations in the novice nervous sys-
tem. Further, it has been suggested that nonlin-
ear periodization may be more applicable to 
train athletes with multiple in-season contests 
[9]. Given that most football leagues have an 
11-month season and that the top teams in the 
most competitive European leagues compete in 
three separate competitions during one season 
[18], a strong case could be made for using 
undulating periodization in elite football.
2.4  Progressive Concepts 
in Football Human 
Performance Training
2.4.1 The Volume Conundrum
A professional player in top leagues has an off-
season period of ~4–6 weeks per year. Coupled 
with the volume of matches during the season, 
this insufficient detraining period makes for a 
mentally and physically demanding season. The 
grueling pace of the schedule and the physiolog-
ical demand of a single match are often reasons 
cited for lesser volume of training, during the 
off-season and season alike. This strategy may 
place players at a disadvantage in the early part 
of their season, as they try to readjust to the 
demands of play. For example, top-level profes-
sional soccer players, following typical off-sea-
son training guidelines (2 weeks rest, 4 weeks 
with moderate training load), have demonstrated 
a decrease in aerobic performance accompanied 
by an increase in body fat mass and reduction of 
fat-free mass in the lower limbs [18]. A 2-week 
period of rest can have considerable negative 
effects on aerobic capacity, especially in highly 
trained athletes [18, 19]. These results suggest 
the importance of a well-designed year-long 
program to limit physiological losses, so that a 
2-week rest period is not necessary to mitigate 
concerns of overtraining.




Responses to training stimuli can be highly 
variable between players and relative to a num-
ber of individual physiological and psychologi-
cal factors [20, 21]. While the gap between 
research and application needs to be more lim-
ited, taking an individual’s intrinsic and extrin-
sic factors into account while balancing training 
schedules is where the “art” of strength and 
conditioning meets the science. Even the high-
est level of athlete has week-to-week variation 
in their performance [20, 22]. Simple statistical 
measures, such as coefficient of variation, 
smallest worthwhile change, and accumulation 
of marginal gains can provide a practitioner 
with highly useful tools to individualize a play-
er’s training and understand if their current 
practices are making useful adaptations (see 
Fact Boxes 1 and 2) [22, 23].
Fact Box 1
An emerging concept in training athletes is 
repurposing the concept of prehabilitation. 
Once limited to a pre-surgical exercise pre-
scription designed to encourage quicker and 
more successful outcomes post-surgery [24], 
prehabilitation has been applied to training 
programs for injury prevention purposes in 
healthy athletes [2, 25, 102]. Strictly speaking, 
prehabilitation programs are designed to opti-
mize function and pain measures before injury 
and should be used as an adjunct to a broader 
strength and conditioning program [24, 25]. 
Thus, prehabilitation can be usefully applied 
in athletes who are participating in sports with 
high incidence of specific injuries (see below 
for an example), or they can be useful in cor-
recting functional deficiencies that are causing 
pain, as in an overuse condition like patello-
femoral pain syndrome [1].
For example, hamstring strains are one of 
the most common injuries reported in football 
[3, 69]. Factors such as inadequate warm-up, 
fatigue, muscular imbalances, muscular weak-
ness, and lack of flexibility have been indicated 
as important contributors to suffering a ham-
string strain [62]. Applying a specific preha-
bilitation strategy could be useful in mitigating 
injury risk based on these factors. Eccentric 
strength training has been demonstrated 
repeatedly to be a superior method to increase 
strength in the hamstrings as well as lower 
injury risk in football players [26, 40, 47, 71, 
89, 103]. A combination of warm-up stretch-
ing and eccentric strength training has been 
shown to decrease hamstring injury risk in elite 
football players, compared to flexibility train-
ing alone [89]. Side-to-side hamstring strength 
imbalances have also been shown to increase 
injury risk in football players, and, importantly, 
risk can be lowered when imbalances are nor-
malized after an eccentric strength training 
intervention [47]. Therefore, based on the evi-
dence, the following prehabilitation program 
could be applied in warm-up to limit hamstring 
strain incidence:
Exercise Description Prescription
Sets Reps per set Rest (min)
Alternating toe 
touches
Take a step forward with right leg and bend 
from the waist: to touch ground with left hand 
in front of right foot. Keep slight bend (~30°) 
in the stepping foot. Alternate legs until 50 
yards have been covered
2 50 yards 1
Single leg squats Descend until the thigh is near parallel to the 
ground by bending at the knee and stand up. 
Focus on pushing hips back during decent and 
keep upper body upright. Use partner for 
support if necessary
1 10/side 1
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360° lungea (1) Step into a forward lunge with right foot  
and return to standing position. (2) Step ~45° 
forward into a lunge and return. (3) Step right  
into a side lunge and return. (4) Step 
backwards ~135°  
into a lunge and return. (5) Step right leg 180° 
back into a reverse hinge and return. That 
sequence is one rep; repeat five times per side
2 5/side 1
Nordic lowers Kneel on the ground and use a partner to 
stabilize at the ankles. Keep the body in a 
straight line from the head down through the 
knees. Slowly lower upper body down to 




Lie supine on the ground and use a partner to 
raise a straight leg in hip flexion until 
resistance is met. Hold at sticking point for 
1 min and repeat with leg slightly bent (~30°)
1 1/side None
Hip flexor stretch Lie prone on the ground and use a partner to  
raise a bent knee into hip extension until 
resistance is met. Hold at sticking point for  









An athlete’s performance level can vary from 
day to day. This variation can be thought of 
as noise that clouds interpretation of the sig-
nal, or actual performance value. Moreover, 
the instruments used to measure performance 
carry a certain amount of noise, as well. This 
reality necessitates the need for practitioners 
to evaluate an individual’s performance vari-
ation for a given measurement as well as the 
error (“noise”) that the measuring instrument 
possesses, in order to determine a real and 
meaningful change. Variation in performance 
is described as the coefficient of variation 
(CV) whereas meaningful changes are dis-
cussed as smallest worthwhile change, or 
the minimum value needed to demonstrate 
change in that individual’s performance. 
Implementation of these methods can pro-
vide crucial information about how an athlete 
is responding to training at an individual 
level. Understanding and applying these 
principles can be especially beneficial in 
training elite footballers, with extensive 
training history. Highly trained individuals 
will not be capable of obtaining large 
“gains’” in physical performance, compared 
to novice footballers. As such, an interesting 
new training ideology has emerged in train-
ing elite athletes called aggregation of mar-
ginal gains. While novice athletes may 
observe fitness improvements at or greater 
than 30% in the early stages of training, elite 
athletes may struggle to improve on perfor-
mance levels. However, small improvements 
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(~1–2%) in performance may be satisfactory 
to create a competitive edge at the highest 
level of competition. Further, accumulating 
these small improvements over several sea-
sons may separate professional athletes from 
the truly elite. A football-specific example is 
offered below.
Repeated sprint ability (RSA) is a seminal 
test in football that evaluates a combination of 
neuromuscular and metabolic fitness. RSA test 
performance can even discriminate between 
amateur and professional footballers. Let’s 
take a look at how to apply progressive statis-
tics to human performance within the RSA.
Table 1. Repealed RSA tests for one 
professional player throughout their 
rookie season




6.35 6.28 6.31 6.25 6.24 6.29 ± 0.05 
(6.23–6.34)
So, 0.05 s is the noise (error) within the 
signal (individual test performance) in the 
RSA. The smallest worthwhile change for 
this individual then is 0.06 s. You can think 
of this as reliable change in performance: 
the smallest change that is greater than the 
athlete’s individual CV.
Table 2. Repeated RSA tests for one 
professional player over their next 
five seasons




6.26 6.25 6.23 6.23 6.21 6.24 ± 0.02 
(6.21–6.26)
So, this player’s mean RSA performance 
from their rookie season to the end of their 
sixth season improved by 5%. When training 
a novice athlete, this would be a terrible 
result, given their capacity for adaptation. 
However, in a top-level, highly trained ath-
lete, improving a skill by 5% is likely to be a 
noticeable improvement. This example illus-
trates the concept of aggregation of mar-
ginal gains, as minor improvements were 
made year to year (~1–2%), but the end result 
is a worthwhile aggregate improvement over 
time.
2.4.3 Injury Prevention
The future of football training may place less 
emphasis on enhancing fitness and more on pre-
venting injuries. Preventing injuries has been 
documented to have a significant, positive effect 
on team performance. Lower injury rates strongly 
correlate with final league ranking and team suc-
cess in major professional leagues [24–26]. 
Unfortunately, however, there is still a significant 
gap between cutting-edge sports medicine 
research and implementation in practice [27]. A 
survey of premier league soccer teams and their 
medical staff found that a majority of injury per-
ceptions and interventions in current practice had 
a low level of evidence [28]. While this does not 
imply that the practices are not effective, it high-
lights the gap between research and practice. 
Given the high level of injury rates in football 
(~1000× greater than other occupations [25]) and 
the magnitude of cost (i.e., individual long-term 
health, club finances, and team performance 
[28]), injury prevention should be critical in foot-
ball training.
2.5  Emerging Concepts in Sports 
Performance Optimization: 
Nutrition
To achieve optimal performance, an athlete 
needs both appropriate training and nutrition. 
Without adequate nutrition, it is difficult for the 
body to fully recover and adapt to a training 
stimulus, decreasing an athlete’s performance 
and increasing risk for overtraining and injury 
[29–31]. One emerging concept in the field of 
sports nutrition includes individualized and peri-
odized nutrition programs to match energy and 
macronutrient needs of training and competition 
[31, 32] (see Fact Box 3).
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Fact Box 3 Football needs analysis
Physiology
Football is a physiologically demanding sport, 
characterized by continual, intermittent bursts 
of high-intensity activity (e.g., sprinting, jump-
ing, cutting, changing direction) followed by 
lower intensity activity. As a result, unique 
demands are placed on an athlete’s physiologi-
cal system, as both the aerobic and anaerobic 
systems are taxed throughout a match. 
Footballers have demonstrated high aerobic 
capacities, which is a necessity to endure the 
lengthy matches and is crucial to buffer lactate 
buildup from the bursts of anaerobic activity. 
For success in football, high levels of anaero-
bic and aerobic fitness will be necessary.
Neuromuscular
Explosive actions, such as kicking, jumping, 
and sprinting, are crucial for success in foot-
ball. In fact, it has been reported that 83% of 
goals are preceded by at least one “powerful 
action” in the sequence leading up to the score. 
Thus, training that incorporates power through 
enhancing rate of force development is neces-
sary. Furthermore, since football is a highly 
strenuous physiological activity, improving 
power endurance may be paramount, as well. 
The capacity to generate force quickly is 
diminished when fatigued, so limiting the dif-
ference between a footballer’s power output 
when unfatigued versus after strenuous activ-
ity may give a team the edge late in matches.
Musculoskeletal
Muscular strength is an important component 
of a successful footballer, both in performance 
and prevention of injury. Musculoskeletal inju-
ries are still quite pervasive in all levels of foot-
ball. While important strides have been made, 
such as a documented decline in ligamentous 
injuries, injuries to muscle (i.e., strains) have 
not declined. Injury prevention programs, such 
as “the 11” or “FIFA 11+” have decreased 
injury incidence in football teams. An enhanced 
version that targets maintaining muscular 
integrity specifically may help decrease this 
continuous issue within the sport.
2.5.1 Periodized Nutrition
The field of sports nutrition applies to a broad 
range of individuals participating in a variety of 
different athletic activities, each with unique 
physiological demands depending on the sport. 
Even more, the physiological demands can also 
vary within a particular sport (i.e., a goalie vs. a 
midfielder in football). Add in individual ath-
lete’s weight goals (lose/gain weight, decrease 
body fat, or increase lean mass) and these varia-
tions can make it easy to understand why blanket 
nutrition recommendations are not appropriate 
for athletes. In addition to nutrition plans match-
ing individual goals, they also need to match the 
intensity and level of training the athlete is cur-
rently participating in. The foundation of a well-
planned nutrition program focuses on matching 
energy intake to the energy demands of the ath-
lete and their training. From there, carbohydrate, 
protein, and fat needs can be determined to meet 
caloric needs as well as to fuel the specific meta-
bolic demands and goals of the current 
training plan.
2.5.2 Energy Needs
Calorie needs and requirements for athletes vary 
depending on training and athlete goals. 
In  periods of weight maintenance, the goal for 
optimal performance should be for the athlete to 
achieve equilibrium between energy intake and 
total energy expenditure (TEE). TEE is the sum 
of basal metabolic rate (BMR), the thermic 
effects of food, and the thermic effect of activity 
(which includes planned, spontaneous, and non-
exercise activity). When accurate measures of 
body composition are available, the Cunningham 
equation is a reliable formula to estimate basal 
metabolic rate in an athletic population [33, 34]. 
The Cunningham equations uses fat-free mass 
(FFM) to predict resting energy expenditure 
(22 × FFM + 500). Total daily energy expendi-
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ture can then be estimated by multiplying the 
BMR by an activity factor or by using a physical 
activity compendium to determine metabolic cost 
during training activities [35]. For athletes 
engaged in moderate-heavy training, an activity 
factor of 1.6–1.9 is recommended [36, 37].
2.5.3 Carbohydrate Needs
The importance of carbohydrates for team sport 
athletes is often overshadowed by the overwhelm-
ing focus on protein consumption. However, carbo-
hydrates especially in the form of glycogen provide 
the main energy sources for these athletes during 
competition and training [38]. Resistance training 
has been shown to reduce glycogen stores as much 
as 40% [39] and single or repeated sprint exercise 
has been shown to reduce glycogen stores in the 
muscle by 14% [40] and 47% [41] respectively. In 
order to maintain energy and intensity levels during 
training (especially when training multiple times 
per day), carbohydrates should be consumed in 
adequate amounts to restore and replenish glycogen 
losses from activity [31, 42]. Evidence suggests that 
during moderate training lasting about 1 h carbohy-
drate intake should be between 5 and 7 g/kg of body 
weight and between 6 and 10 g/kg body weight for 
moderate- to high-intensity exercise lasting 1–3 h 
[31, 43]. Adequate carbohydrate consumption is 
important for maximizing training potential, allow-
ing athletes to train at higher intensities or for longer 
duration before fatigue [44]. In addition to main-
taining energy levels, carbohydrate intake has also 
been suggested to aid in muscle recovery. 
Carbohydrate intake combined with protein pro-
vides the right type of environment for muscles to 
repair and restore glycogen levels [45, 46].
2.5.4 Protein Needs
Inadequate protein intake is seldom a concern for 
athletes. The majority of football players reports 
protein intakes that easily meet or exceed the rec-
ommendations for athletes [47]. Protein recom-
mendations for athletes range from 1.2 to 2.0 g 
per kg of body weight [48]. Previous protein rec-
ommendations were set ranges based on athlete 
categories (strength versus endurance), with 
strength-trained athletes having higher recom-
mended intakes than endurance trained [37]. 
However, recent research indicates that protein 
needs should be determined instead by training 
loads, training experience, and energy availabil-
ity [31]. Protein is in greater demand when train-
ing intensities increase, training frequency 
increases, or if a new training stimulus is intro-
duced. Similarly, novice athletes have a greater 
need for high amounts of protein. The increased 
demand is due largely to the increased muscle 
protein breakdown that results in all of these sce-
narios [45]. In athletes that are following a calo-
rie-restricted diet in efforts to lose weight, higher 
levels of protein may be beneficial. In a study 
conducted by Mettler et al., athletes who fol-
lowed a calorie-restricted diet and consumed 
approximately 2.3 g protein per kg body weight 
lost significantly less lean body mass than those 
who consumed a diet consisting of 1.0 g protein 
per kg of body weight [49].
2.5.5 Fat Needs
After determining carbohydrate and protein 
needs for athletes, the remainder of the calories 
needed should come from fat. In most cases, fat 
intake should be between 20 and 35% of total 
calories [31]. Diets containing less than 10% of 
calories from fat may lead to nutrient deficiencies 
and hormonal imbalances [36, 50], and higher fat 
diets (>60% of calories) have not shown to be 
beneficial for improved performance in intermit-
tent high-intensity-type activities [51]. Some 
resources provide fat recommendations in grams 
per kilogram of body weight similar to the  protein 
and carbohydrate recommendations. Generally 
0.8–1.0 g of fat per kg of body weight would be 
deemed appropriate for team sport athletes [52]. 
For long-term health, athletes should limit 
amounts of saturated fat intake to no more than 
10% of total calories while aiming to consume 
more mono- and polyunsaturated fats [53].
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2.5.6 Nutrient Timing: Recovery
Determining total daily macronutrient and energy 
needs for athletes in relation to training demands 
is the fundamental base for developing a peri-
odized nutrition plan. The next phase in develop-
ing a periodized plan focuses on proper frequency 
and timing of these nutrients to maximize perfor-
mance and physical adaptation to training. A 
handful of nutrition strategies have been 
researched for pre-, during, and post-event fuel-
ing for optimizing performance during competi-
tion or specific training sessions [38, 43, 54, 55]. 
Although both before and during event nutrition 
strategies are important, a particular amount of 
attention has been given to recovery or post-train-
ing/competition strategies for optimizing perfor-
mance and adaptations to training [56]. Similar to 
determining total energy and macronutrient 
needs per day, recovery nutrition needs should 
also be periodized to match the demands of the 
training bout or event (Table 2.1) [31, 32, 56].
A key element of producing and monitoring a 
periodized nutrition and training program is the 
quantification of an athlete’s training volume and 
intensities. Traditionally quantification of train-
ing volume and intensities are usually calculated 
by monitoring the length of training as well as the 
athletes’ and/or coaches’ subjective perceptions 
of the difficulty of the training. Recently, new 
technologies and products have been developed 
that may aid in more objectively monitoring 
training intensities.
2.6  Emerging Concepts: 
Technological Developments
Player monitoring is an important concept in the 
modern game, as clubs, coaches, and players 
themselves seek to optimize individual player 
performance. Player monitoring has many goals, 
including identifying training need(s), tracking 
performance across multiple physiological/psy-
chological/biomechanical domains, monitoring 
adherence to training programs, determining 
response(s) to training programs, measuring and 
classifying quality and quantity of sleep, identi-
fying possible overtraining/overreaching, detect-
ing injury risk potential, benchmarking key 
performance markers, and providing data to 
inform the return to play decision-making pro-
cess. Ensuring that players receive an optimal 
training stimulus, maximize their rest and sleep, 
maintain optimal nutritional intake and hydra-
tion status, and return to play in a timely manner 
requires the collection, processing, and manage-
ment of an extensive amount of information. In 
view of the complexity and multifactorial nature 
of human performance optimization, it is impor-
tant that the information gathered when monitor-
ing the players provides the coaching staff and 
performance optimization team with appropriate 
data to inform their decision-making processes. 
Therefore, the validity, availability, accuracy, 
organization, and management of the all data 
collected to monitor the player status are 
integral to the process of performance 
optimization.
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2.7  Player Monitoring Using 
Wearable Technology
Recently, there has been a large increase in the 
amount of commercially available, wearable 
player monitoring technologies. This plethora of 
available technologies raises numerous questions 
for the coaching, performance, and sports medi-
cine team overseeing the performance optimiza-
tion process (see Table 2.2). Addressing questions 
surrounding the selection, determination of the 
cost/benefit, and implementation of such tech-
nologies to successfully monitor the players 
becomes an important challenge. Indeed, McCall 
et al. [20] highlight the contention between the 
performance optimization teams’ desire to be 
innovative and early adopters of “cutting-edge” 
technology in the pursuit of a competitive advan-
tage, balanced against the need to retain an evi-
dence-based practice approach to player 
performance enhancement. There is a require-
ment for any player monitor technology to add 
value and provide a level of reliability and valid-
ity to enable the assessments of real and mean-
ingful changes in performance over a requisite 
time frame [20].
To explore some of the emerging concepts 
related to optimizing football performance, two 
areas will be discussed in detail: one from a tech-
nology-based point of view, examining the utility 
and employment of existing technology with 
respect to player monitoring in football, and a 
second examining player monitoring from a 
research focus (its associated technology) and its 
potential utility within the process of player per-
formance optimization.
2.7.1  Catapult Sensors in Football 
Training
Player tracking technology, such as the Catapult 
system (Catapult Innovations, Canberra 
Australia: Fig. 2.2), utilize Global Positioning 
System (GPS) technology, integrated with a tri-
axial accelerometer, 3D gyroscope, 3D magne-
tometer, and heart rate monitor. Contained in a 
unit small and light enough to be worn with a 
tight-fitting harness during normal training and 
athletic play, this integration of technologies 
allows for the automated calculation of a number 
of variables related to the physical demands of 
training and match play in football. With exten-
sive literature demonstrating their validity and 
reliability, the Catapult system is the most widely 
used of this type of sensor among most field-
based sports, including football [57–61]. Football 
coaches and trainers using the Catapult system 
range from English Premier League and German 
Bundesliga clubs to US collegiate squads.
The number of player-specific variables capa-
ble of being calculated by the Catapult system 
sensors are wide-ranging, including distance 
traveled, maximal and average speeds, time spent 
at different exercise intensities (i.e., high, middle, 
low) or movement velocities (i.e., jogging, run-
ning, sprinting), total distance covered at differ-
ent exercise intensities or movement velocities, 
training load, and magnitude and frequency of 
impacts. Of particular interest for football clubs 
is training load, termed “Body Load” in the 
Catapult software, which is calculated by sum-
ming the duration of activities at different exer-
cise intensities across a given period of training 
or match play. Impacts are measured through 
accelerometer and gyroscope data and are a mea-
surement of contact with players or other external 
forces. Generally this has been applied more 
toward Australian Rules Football and rugby; 
however, it may have some applicability for 
sports medicine professionals working with foot-
ball athletes [62].
The practical applications for Catapult-collected 
data in football are many. Some of the well-
researched applications include quantifying the dif-
ferences in physical demand between types of 
training (small- vs. large-sided games, drills vs. 
gameplay) and training and competition, quantify-
ing differences in demand between positions, and 
comparing methods of quantifying training load 
[63–66]. Applications of the Catapult system that 
have yet to be explored include tracking the effects 
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Table 2.2 Player Monitoring Technology
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of fatigue throughout a match relative to decre-
ments in running velocity and overall activity. 
Further, this data on the progression of fatigue 
could be combined with data on technical perfor-
mance (shots on target, percentage of passes com-
pleted, etc.), enabling coaches and trainers to track 
a player’s training load and its impact, negative or 
positive, on performance in matches. Probably the 
most significant applications yet to be fully 
explored are related to tracking a player’s training 
load, physical performance, and potential fatigue 
and utilizing these variables to individualize their 
training, return to play after an injury, or substitu-
tion strategy during matches.
2.7.2 Monitoring Players’ Sleep
Sleep plays a critical role in the recovery process 
of elite athletes, providing essential physiologi-
cal and psychological functions to recover from 
the neurometabolic costs associated with the 
waking state [67, 68]. Disturbances (deprivation, 
dysregulation, and/or disruption) to sleep are 
suggested to be detrimental to post-football 
match recovery, as a consequence of factors such 
as diminished muscle glycogen replenishment, 
increased mental fatigue,  reduction in muscle 
damage repair [68], autonomic nervous system 
imbalance, and increases in pro-inflammatory 
cytokines potentially promoting immune system 
dysfunction [69]. Recent research [70] has high-
lighted the extent to which sleep is already rec-
ognized by football players as an important and 
vital recovery modality, and further research has 
suggested, albeit anecdotally, that sleep is the 
most efficacious recovery strategy [71]. Given 
the recognition of the requirement for optimal 
levels of recovery to balance the stresses of train-
ing and competition [69], it would be expected 
that the importance of good sleep hygiene is a 
priority for both practitioners and researchers in 
the athletic arena. However, the sleep needs of 
athletes in general, and in football players spe-
cifically, has not been extensively researched or 
routinely monitored [72].
While there are many factors which are 
thought to influence sleep quantity and quality 
in football players, including both acute (arousal 
level, exposure to bright polychromatic lights 
(floodlights), mood, caffeine/alcohol consump-
tion, etc.) and chronic (inconsistencies in play-
ing schedule, individual chronotype (i.e., night 
owls), early morning training schedule, etc.) 
stressors, the individual player’s response(s) 
needs to be determined in order to generate data 
to provide actionable information and make 
informed decisions. Indeed, Nédélec et al. [68] 
Fig. 2.2 The Catapult GPS 
player monitoring system
Fig. 2.1 The Equivital™ EQ02 LifeMonitor
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suggest that the complexity and multifactorial 
nature of the interactions between sleep, recov-
ery, training, and performance requires the cap-
ture of detailed sleep quality and quantity data 
in conjunction with the monitoring of exposure 
to acute and chronic stressors to further under-
stand their relationships and enable efficient and 
individualized solutions to promote optimal 
recovery.
2.7.3 Actigraphy
In response to this need to monitor players’ 
sleep and examine their reactions to the many 
factors which may influence sleep quality and 
quantity, valid, cost-effective, and nonintrusive 
solutions have been sought. Wristwatch actigra-
phy, such as the ActiGraph™, represents a 
potential solution and is able to capture several 
measures of sleep quality and quantity from the 
raw actigraphy data collected (time in bed, time 
asleep, time awake, percentage time sleeping 
when in bed, sleep efficiency, sleep latency, 
moving minutes, percentage moving time, and 
sleep restlessness (fragmentation index)). 
Wristwatch actigraphy is widely utilized in 
sleep studies [73, 74] and has been shown to 
produce accurate and reliable measures of sleep 
when compared to the gold standard polysom-
nography [75]. Thus, the actigraphy measures 
are extremely useful for identifying potential 
issues with a player’s sleep, which may then be 
acted upon to ameliorate any of the factors/
stressors which may have led to the sleep distur-
bance/disruption.
While the validity, reliability, and utility of 
the actigraphy technology are not in question 
for the assessment of sleep behavior, the adop-
tion of the wrist-worn technology to aid in the 
monitoring of player recovery may not be guar-
anteed. The acceptability and adoption of any 
wearable technology, such as player tracking 
systems or wristwatch actigraphy to monitor 
player performance, are critically dependent on 
“buy in” from key stakeholders (coaches, play-
ers, members of the sports medicine team, and 
club officials). It has recently been recognized 
that, in the fast-moving player-focused environ-
ment, key decision-makers are concerned with 
simple “yes/no” answers to questions such as 
can the player train/play and/or will they suffer 
recurrent injury [20]? The large quantity of data 
produced, its quality, data accessibility, and its 
ease of analysis to produce actionable informa-
tion, all combine to challenge the utility and 
adoption of a specific technology. This is further 
challenged when you consider the vast amounts 
of data from multiple data sources contained 
within the variety of wearable technologies that 
may be employed to capture the required data to 
effectively monitor player performance. This 
represents the challenge of “big data,” where the 
abundance of information that can be collected 
when monitoring a player can be both a blessing 
and a curse. When attempting to make informed 
and evidence-based decisions related to the 
optimization of a player’s performance, the 
abundance of available data can overwhelm and 
hinder the decision making process.
The promise of a wealth of data to monitor 
and better understand the complexity and mul-
tifactorial nature of human performance opti-
mization via wearable technologies is extremely 
tempting. However, the potential value and util-
ity of the data have to be balanced against the 
challenges and costs associated with process-
ing, managing, and interpreting the large 
amounts of information available from these 
wearable player monitoring technologies into 
actionable information. In addition, the princi-
pal caveat to consider before employing any 
technology to monitor and assess players is the 
reliability and validity of the data it produces. 
Halson et al. [76] highlight the importance of 
and requirement for scientific rigor and careful 
analysis of the data produced from these wear-
able technologies to enable the generation of 
truly meaningful data, and also notes that the 
majority of these wearable devices have not 
been adequately assessed in terms of accuracy, 
reliability and validity.
Several challenges are still facing the suc-
cessful adoption and utilization of these tech-
nologies to monitor the training and 
performance of football players. There is a 
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requirement for more detailed empirical 
research to establish the reliability, validity, 
and efficacy of each of the individual technolo-
gies to satisfy the evidence-based practice 
approach employed in effective performance 
optimization programs. As these technologies 
continue to develop, and multiple, accurate 
data sources become available to measure and 
monitor player performance, additional work 
will be required to analyze and interpret the 
 interactions between variables, in order to sat-
isfy the ultimate goal of providing reliable, 
easy to use, cost-effective, valid, and action-
able information to the players, coaches, and 
sports medicine team.
Take-Home Message
What becomes abundantly clear during the 
process of human performance optimization 
is the need to accurately acquire, extract, and 
operationalize relevant data from numerous 
sources into actionable information in an 
effort to effectively guide the process of opti-
mization. That information may refer to fac-
tors such as the duration, total volume, or 
intensity of training undertaken, the amount 
and quality of sleep experienced, changes in 
power production occurring as a consequence 
of a training intervention, players’ perception 
of the difficulty of training, the coaches’ per-
ception of the players’ current form, etc. 
Fundamental to success is the ability to distill 
and integrate all the available information to 
effectively inform and optimize practice and 
performance, irrespective of which domain of 
player health and/or performance the player 
and coaches of sports medicine team are 
focusing on.
One challenge still remains. As new training 
techniques, nutritional strategies, and/or player 
monitoring technologies emerge, decisions 
regarding adoption and embedding of these 
new options to inform the process optimization 
are required. While evidence-based practice is 
a compelling goal, assessing the efficacy and 
utility of each of the emerging technologies 
and/or strategies before adoption may result in 
late adopters sacrificing potential competitive 
advantage offered as a consequence of their 
use [20]. Conversely, time wasted attempting 
to integrate these may effectively serve to 
dilute the effort of those involved and limit the 
effective time directed toward the goal of per-
formance optimization, if the new technolo-
gies/strategies do not work out. Therefore, 
individual managers need to consider and 
implement their own decision-making pro-
cesses for the adoption and integration of these 
emerging concepts to ensure the players’ per-
formance optimization.
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3.1  Introduction
One possible subtitle of this chapter could be—
how can we avoid football players sustaining inju-
ries? The reliable prediction and understand of 
injury mechanisms and etiology are crucial steps 
in effective injury prevention [1]. For sports teams 
to be successful the athletes need to be healthy, 
since injury load is clearly correlated to team per-
formance [2, 3]. Injuries in high-level football 
players are common and occur about twice a sea-
son, causing a mean absence of 37 days or 12% of 
the season [4]. Serious injuries, such as injury to 
the anterior cruciate ligament (ACL), can ruin 
more than one season. Interest focus heavily on 
surgery and the rehabilitation of football injuries, 
but the optimal scenario is to avoid injury in the 
first place. It is therefore important to investigate 
risk factors to predict the risk of injury in athletes. 
Knowledge of the risk factors that significantly 
predict a specific injury has led to the develop-
ment and implementation of prevention programs 
that mitigate the risk of injury. For example, prior 
research has led to knowledge of the increased 
risk of ACL rupture in female players with 
impaired neuromuscular control [5]. The develop-
ment of prevention programs and neuromuscular 
training has reduced the risk of injury substan-
tially [6]. The Swedish Football Association, 
among others, has popularized the subject by con-
structing a smartphone application that is free for 
all players to download.
There are different categories of factors 
influencing the risk of injury. Depending on the 
type of injury, different systems are used to 
categorize factors [7, 8]. One common method 
for dividing factors is based on intrinsic 
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 (individual) or extrinsic (environmental) ori-
gin (Table 3.1) [8, 9]. Risk factors can be either 
non-modifiable, such as gender or anatomical 
alignment, or modifiable, like body mass index 
or muscle strength. It is important to be aware 
of the non-modifiable, risk factors; however, 
knowledge of the modifiable risk factors is per-
haps more crucial, since they vary and their 
influence can be reduced.
In this chapter, the etiology of sports injuries 
and the utilization and the implementation of 
screening tools to predict injuries will be dis-
cussed. Further, the predictive ability of certain 
important risk factors will be assessed in relation 
to specific and common injuries that affect foot-
ball players. A study assessing players in the top 
50 clubs in Europe revealed that 87% of football 
injuries affect the lower extremities. The hip/
groin, thigh, knee, and ankle were the most com-
monly injured sites, and they will be the focus of 
this chapter [4]. Lastly, a section discussing 
study design in the construction of injury predic-
tion studies is included.
3.2  Sports Injury Etiology
The etiology of sports injuries is multifactorial 
and it is often influenced by both harmful and 
protective factors (Fig. 3.1). The categorization 
of risk factors has been discussed above. 
However, intrinsic and extrinsic risk factors do 
not exclusively explain sports injury etiology. 
A model for presenting the intricate network of 
contributory factors was presented by 
Meeuwisse et al. in 1994 and was later refined 
by Bahr and Krosshaug [10, 11]. The reader can 
follow the model, starting with the predisposed 
athlete with individual intrinsic risk factors. 
When practicing a specific sport, the athlete is 
affected by the extrinsic factors increasing the 
susceptibility of injury. Lastly, the injury occurs, 
caused by the mechanism at the time of the 
injury [10]. It has been suggested that, with 
regard to injury mechanism, not only should the 
biomechanical movements be included, but the 
skill performed (shot, pass, and so on), player- 
to- player interaction or the position on the field 
of play, for example, should also be investigated 
[10, 12]. Understanding the influence of risk 
factors alone is therefore not sufficient. Injury 
mechanisms are equally important. However, 
injury mechanisms are difficult to investigate, 
since this often relies on the history of the 
Table 3.1 Risk factors for lower extremity injury
Risk factors for lower extremity injury
Intrinsic Extrinsic
Age Level of competition
Gender Shoe type
Phase of menstrual cycle Ankle bracing
Previous injury Playing surface
Inadequate rehab Climate
Aerobic fitness





















• BRACE OR TAPE
• NEUROMUSCULAR
   
• ADEQUATE FOOTWEAR
TRAINING
Fig. 3.1 Examples of harmful and protective factors seen 
in different types of sports injuries
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individual trying to reproduce the, often emo-
tionally charged, turn of events. To increase pre-
cision and objectivity in the assessment of injury 
mechanisms, novel studies are utilizing video 
analysis [12]. Deciphering the etiology of sports 
injuries is complicated due to their diverse ori-
gin, but considerable research has been con-
ducted in the last few decades to elucidate this.
There is a current tendency to consider multi-
factorial models for the risk of injury, with a non-
linear relationship between factors; i.e. there 
would not be a causal-effect relationship between 
a single risk factor and injury but, instead, an 
interaction between several factors, which would 
lead to the final risk of injury (Fig. 3.2) [13].
3.3  Prediction of Specific 
Injuries to the Lower 
Extremities
3.3.1  Hip/groin Injury
Diagnosing injury to the hip or groin is compli-
cated, due to the number of involved structures 
and potential culprits (e.g., hip fracture, cartilage 
lesion, femoroacetabular impingement, muscles 
and so on). The adductors of the hip are the most 
commonly injured muscles in the groin. In a 
recent comprehensive study, the majority of 
injuries to the groin were considered severe, and 
the mean absence from play was determined as 
15 days [14]. The reoccurrence of sprains in the 
groin adductors is not uncommon, causing the 
further disruption of player and team develop-
ment. Previous injury to the groin as a risk factor 
for reinjury was previously the subject of debate 
due to the lack of good prospective studies [15], 
but a high-quality prospective cohort study 
assessing 508 football players identifies previous 
injury as a significant predictor [16]. This has 
been verified in a recent systematic review 
assessing field-based sports [17]. Further, male 
gender is a significant predictor of injury. An 
aggregated analysis of relevant studies, control-
ling for exposure, has revealed a more than two-
fold increase in the risk in comparison with 
females [18]. Moreover, strength deficit in the 
adductor muscles is also regarded as a risk factor 
for groin injury [16, 17, 19]. However, a recent 
meta-analysis investigating the prevention of 
groin injury by adductor muscle training did not 
find a significant reduction in sports-related inju-
ries [20]. Age as a predictor of injury is the sub-
ject of debate. The systematic review assessing 
field-based sports, which includes football, 
stated that it was of significance. The authors 
referred to two studies showing that age was a 
significant predictor: a single football-specific 
study and a study examining rugby players [17]. 
In contrast, a more general systematic review 
published in 2015 deemed age to be an insignifi-
cant factor. Of the 12 studies (including one ran-
domized, controlled trial and eight cohort 
studies) analyzing the age factor in the general 
systematic review, all but 2 found no association 
between age and hip/groin injury [19]. It is evi-
dent that there is a lack of football- specific 
research on this risk factor, but, based on the 








Fig. 3.2 Non-linear 
multifactorial model for 
the risk of hamstring 
muscle injuries
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general review, age must be regarded as an 
unlikely predictor. Further, the significance of 
BMI was assessed in the same general review 
cited above, presenting data where all four foot-
ball-specific studies analyzing soccer showed 
that this factor was not predictive of injury [19].
As a result, a few significant predictors have 
been identified (Table 3.2). In spite of this, pre-
vention programs do not produce satisfactory 
results, and more research is needed, both in the 
identification of additional potential risk factors 
and in improvement of prevention.
3.3.2  Thigh Injury
Injuries sustained in the thigh when playing foot-
ball predominantly affect the hamstrings or the 
quadriceps. The muscles of the thigh are com-
monly injured in football players, due to the pat-
tern of movement, performing fast accelerations 
and decelerations, causing the muscles to 
over-stretch. Risk factors for hamstring injury are 
the subject of debate, and many studies investi-
gating potential predictors have been performed. 
A systematic review assessing high-quality pro-
spective studies of football players recognized 
previous injury as the only significant risk factor 
[21]. Further, the authors concluded that, among 
other things, BMI, height, weight, and player 
exposure were probably insignificant factors. In a 
previous study, players with a previous injury to 
the hamstring ran twice the risk of reinjury [22]. 
Additionally, there is evidence supporting age as 
a potential risk factor for hamstring injury in 
football players [23, 24]. There is conflicting evi-
dence regarding the influence of muscle strength, 
although a high- quality prospective study deter-
mined hamstring and quadriceps strength deficit 
as weak risk factors for hamstring injury [25].
Nevertheless, the authors of this study doubted 
its clinical relevance and do not recommend 
screening isokinetic strength to identify patients 
at risk [25]. Quadriceps peak torque was regarded 
as a risk factor in a recent systematic review and 
meta-analysis. This marker was found in four 
studies of which one involved football and three 
involved Australian football. Consequently, 
quadriceps peak torque can be regarded as a 
likely predictive factor in football, although fur-
ther football- specific studies are warranted for a 
conclusive statement [26]. A large number of 
potential predictors of hamstring injury have 
been investigated, but there is currently insuffi-
cient evidence to draw conclusions. The most 
important factors have been listed below 
(Table 3.3). For a complete list, readers can be 
recommended the following reviews [21, 26].
The quadriceps constitutes four individual mus-
cles, the vastus medialis, vastus lateralis, vastus 
intermedius, and rectus femoris, of which the latter 
is the most commonly injured [27]. Quadriceps 
injuries may not be as common as injuries to the 
groin or the hamstrings, but they cause more missed 
matches than any other muscle injury in football 
[28]. Age does not appear to be a significant predic-
tor of quadriceps injury, since two prospective stud-
ies assessing football players did not identify this, 
and an additional study examining Australian foot-
ball players verified these results [28–30]. A study 
analyzing 1401 football players demonstrated that 
previous injury was a significant risk factor [31]. 
Similarly, in Australian football, previous ipsilateral 
injury to the quadriceps, but also to the hamstrings, 
was a significant predictor of injury to the quadri-
ceps [30]. Short stature and higher weight have 
been suggested as risk factors, but studies assessing 
football have not identified a statistically significant 
link, perhaps due to an underpowered study design 
[32]. Conversely, a study examining English 
Premier League football players found no connec-
tion between weight and injury incidence, but this was 
Table 3.2 Potential predictors for hip/groin injury in 
football
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in a small study with no more than 36 players [29]. 
Further, isokinetic strength as a risk factor has been 
investigated. A study published in 2011 claimed 
that there was a trend towards significance between 
quadriceps injury and preseason eccentric strength, 
but the results did not reach statistical significance 
[32]. According to one study, male players run a 
greater risk of sustaining injury to the quadriceps 
when playing on artificial turf as opposed to natural 
grass [33]. This might be due to the higher degree of 
shoe-surface friction during kicking. This theory 
was supported by Orchard et al. who found that 
quadriceps injuries were more frequent in dry 
weather where the surface friction component is 
stronger, but this study assessed Australian football 
players [30]. Muscle flexibility has also been 
reported to predict quadriceps injury. Two prospec-
tive studies examining football players identified a 
connection of this kind [32, 34]. Regarding flexibil-
ity, a recent study did not identify this as a signifi-
cant risk factor, although in that study comprising 
36 players only six players sustained an injury, indi-
cating that insignificant power may be an issue. The 
current evidence relating to quadriceps injury pre-
dictors is listed below (Table 3.4).
3.3.3  Knee Injury
Injuries to the knees can include sprains in the 
medial or lateral collateral ligaments, lesions of 
the menisci, or—perhaps the most severe of the 
common injuries attained during football—injury 
to the anterior cruciate ligament (ACL). This sec-
tion will focus primarily on injuries to the 
ACL. Risk factors for sustaining an injury to the 
ACL have been thoroughly investigated. A return 
to high- level football after an ACL injury nor-
mally takes six to 12 months and, in a consider-
able number of player’s, stability and functionality 
is never restored. A recent study revealed that, 
3 years after reconstruction, only 65% of football 
players still compete at the same level, and a 
meta- analysis including other sports demon-
strated that as few as 55% return to competitive 
level [35, 36]. Prediction and prevention are 
therefore of the utmost importance.
Gender is a strong and relevant predictive fac-
tor in understanding ACL pathology and functions 
as a watershed in the assessment of several risk 
factors. Women run a greater risk of injury [37, 38] 
than their male counterparts, and the influence of 
other risk factors varies between the sexes. In one 
study, women had an incidence rate of 0.1 per 
1,000 h of football as compared to 0.057 for males 
[38]. Another study reported a sixfold increase in 
the risk for ACL rupture in females [37]. The exact 
numbers vary between studies, although there is 
substantial evidence of a significant difference in 
relative risk with regard to gender [38–41].
One factor considered to contribute to 
increased risk in females is inferior neuromus-
cular control [42]. A study by Hewett et al. tar-
geted young female athletes to examine the 
influence of valgus joint load on ACL injury 
Table 3.3 Potential predictors for hamstring injury in football
Evidence relating to potential predictors of hamstring injury in football
Likely predictive Unlikely predictive Insufficient evidence
Previous injury
Older age
Increased quadriceps peak 
torque









Hamstring/quadriceps and hip flexor flexibility
Player position strength imbalance, and so on
Table 3.4 Potential predictors for quadriceps injury in 
football
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risk. Two hundred and five athletes participating 
in volleyball, basketball, or football were pro-
spectively screened. An analysis identified knee 
abduction moment as a significant predictor of 
ACL injury with 73% specificity and 78% sensi-
tivity [5]. However, a prospective study pub-
lished in 2016 assessing 782 elite female 
football players revealed that knee abduction 
moment was not predictive of ACL injury in this 
large cohort [43].
The influence of the relationship between 
height and weight, measured using BMI, is uncer-
tain, since there is both supportive [44, 45] and 
contradictory evidence [46, 47]. Further, the effect 
of joint laxity on the relative risk of ACL injury is 
the subject of debate. Generalized joint laxity has 
been related to an increased risk of leg injuries in 
female football players [48], and an augmented 
risk of ACL injury specifically has been found in 
non- football- specific groups [49, 50]. Increased 
knee joint laxity, specifically, was significantly 
related to a higher risk of ACL injury in female 
football and basketball players in a recent case-
control study [51]. Large prospective cohort stud-
ies assessing football players exclusively are 
lacking. Future studies with this design would fur-
ther elucidate the influence of joint laxity further.
Several modifiable extrinsic risk factors have 
been discussed with regard to football and knee 
injuries. One interesting factor is the choice of 
footwear. In a systematic review from 2015, the 
authors concluded that increased rotational trac-
tion, depending on the design and number of 
shoe cleats, augmented the risk of lower extrem-
ity injury [52] in American football. The authors 
believed that this postulation could be transferred 
to all other kinds of football. Moreover, a recent 
study found a 3.4 times higher risk of ACL injury 
in American football players using cleats with 
the highest level of rotational traction. However, 
clinical football-specific studies are lacking, and 
laboratory studies performed in this particular 
field do not reveal differences in knee loading 
[53, 54]. As a result,  there is still insufficient evi-
dence to draw any definite conclusion.
Male Champions League players in countries 
in the north of Europe, with a cooler climate and 
more precipitation, are less prone to ACL injury 
Fig. 3.3 A simplified 
version of the climate 
zones used in a recent 
study [55]. Dark green 
indicates the northern 
zone with a cooler 
climate, in contrast to 
the southern zone 
colored light green. 
White land areas 
indicate other climate 
zones not used in this 
study
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than players in Mediterranean countries in the 
south (Fig. 3.3) [55]. Although the difference in 
incidence was statistically significant, the cli-
mate itself is probably not the sole explanation 
for this. As mentioned by the authors, potential 
sources of bias could be differences in style or 
the intensity of play or playing surface between 
the two groups.
Regrettably, research aiming to understand the 
influence of playing surface on ACL ruptures in 
football is lacking. A recent systematic review 
found that there is a higher risk of ACL rupture in 
players participating in American football when 
playing on artificial turf [56] and in Australian 
football playing on Bermuda grass when com-
pared with ryegrass [57]. It was hypothesized 
that artificial grass (compared with natural grass) 
and Bermuda grass (compared with ryegrass) 
produce a higher degree of shoe-surface friction. 
However, in football, no such difference has been 
seen [56]. A summary of relevant risk factors is 
presented below (Table 3.5).
3.3.4  Ankle Injury
As football is a fast-paced game with quick 
changes of direction, it predisposes to ankle inju-
ries, making them one of the most common trau-
matic injuries, in football, in both male and female 
players [58, 59]. Fractures to the ankle occur and 
can be troublesome, but the main problem caus-
ing absence from play is ankle sprains [60]. One 
debated extrinsic risk factor is the influence of 
artificial turf when compared with natural grass. 
In a prospective study of 290 male football play-
ers, the authors found more ankle sprains related 
to artificial turf [61]. In line with this, a recent sys-
tematic review investigating the influence of play-
ing surface concluded that football players run a 
greater risk of ankle sprain on artificial turf and 
preventive strategies were advised [62]. 
Contradictory studies exist [63], but in conclu-
sion, harmful effects have been seen in both males 
and females, although the current evidence is 
stronger in the case of male players.
There appears to be substantial evidence to 
indicate that previous injury is a risk factor for 
ankle sprain in male football players. Three large, 
recently conducted prospective cohort studies with 
a total of 1,132 players revealed that it was a sig-
nificant predictor [23, 64, 65], and there is further 
evidence in the literature [58, 66, 67]. In two con-
tradictory studies, fewer participants were 
recruited, which may have caused a type 2 error, 
and the studies did not exclusively assess football 
players [68, 69]. Other plausible causes of discrep-
ancy in the results are the influence of and differ-
ences in rehabilitation regimens across studies and 
the utilization of external stabilizers, such as tape 
or braces [70]. In females, a study by Faude et al. 
did not find that previous injury was a predictor, 
but there is still insufficient evidence to draw any 
definite conclusions in female players [71].
Gender does not appear to have a predictive 
ability in ankle sprain in general [70], and a study 
analyzing football specifically supports that 
notion [72]. Furthermore, anatomical foot type 
(pronated, neutral, or supinated) or the level of 
generalized joint laxity do not appear to predict a 
risk of ankle sprain [70]. The body mass index 
was found to be predictive of ankle sprain in a 
recent football- specific study [73], and a general 
systematic review and meta-analysis of ankle 
sprain risk factors support the results [74].
Postural sway, measured with various balance 
tests, has been suggested as a risk factor, since 
neuromuscular training has been effective in 
 preventing ankle injuries [75]. Two studies using 
the single-leg balance test did not find a  connection 
Table 3.5 Potential predictors for ACL injury in 
football
Evidence relating to potential predictors of ACL injury 
in football
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between balance and risk of injury, as opposed to 
another study that was able to predict injury [64, 
68, 69]. However, only one of the studies assessed 
football players exclusively [64]. Additionally, in 
a study using a different method to measure pos-
tural sway, the authors were able to predict the risk 
of injury in a group of male football players [76]. 
There is therefore controversy about the influence 
of balance in football, but, as a predictor or ankle 
injury in sports in general, there is more evidence 
[77, 78]. Recent reviews and meta-analyses have 
identified markers, such as slow eccentric inver-
sion strength, fast concentric plantar flexion 
strength, and lower inversion proprioception, as 
being predictive of ankle sprain, but the studies 
have primarily examined non- footballing athletess 
which makes these factors uncertain at present 
[74, 78]. The quality of evidence for each predic-
tor can be seen in the below list (Table 3.6).
3.4  Screening Tools to Predict 
Injury
Screening tools are utilized to identify players, or 
groups of players, at risk of injury. Consequently, 
the goal of the preseason screening of players is to 
obtain information for the medical staff to aid in 
injury prevention. In football, screening tools imple-
ment the use of known risk factors either to predict 
unspecific injuries, such as lower extremity injuries 
or knee injuries [47, 79], or they are used to predict 
specific injuries, such as rupture of the ACL [80] or 
patellofemoral pain [81]. Screening tools focus 
mainly on modifiable risk factors, and only factors 
that are of known significance and that can be 
 prevented are of interest in this respect. A few 
examples will be provided in this section, but the 
complexity of screening tool development needs to 
be discussed first. A recently published article on 
the subject presents three crucial steps in this regard. 
First, using prospective studies, a strong correlation 
between markers from a screening test and injury 
risk needs to be demonstrated. Second, the proper-
ties of the test need to be examined in relevant popu-
lations using appropriate statistical methods. Third, 
an implemented intervention program (preferably 
undertaken using a randomized controlled trial 
study design) needs to show superior results for the 
individuals at high risk in comparison to the pro-
gram being given to all athletes. According to the 
author, there is currently no intervention study pro-
viding support for the screening of sports injuries 
that complies with these guidelines. One of the 
main difficulties is the overlap of risk factor markers 
between individuals that suffer or do not suffer 
injury. This results in complexity in the determina-
tion of cut-off values where continuous risk factor 
marker values need to be dichotomized in order to 
provide support for the individuals who will benefit 
from intervention [82].
Table 3.6 Potential predictors of ankle injury in football
























Fact Box 1 High Knee Abduction Moment
High knee abduction moment is measured 
by a player dropping from a 31-cm box to 
the floor and then performing a jump at 
maximum height. Imagery in two dimen-
sions is obtained using two video cameras 
capturing the frontal and sagittal aspects of 
the legs. Using a freeware application, val-
ues from knee valgus motion and knee flex-
ion range of motion were determined. These 
values were combined with three other pre-
dictors (tibia length, body mass, and quadri-
ceps-to-hamstring strength ratio), and a 
nomogram was used to interpret the results. 
Points from the respective predictors are 
summarized and can easily be compared 
with the corresponding probability of a high 
knee load. High knee abduction moment 
has been shown to be predicted with 77% 
sensitivity and 71% specificity [58].
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An example of a well-known screening tool has 
been presented by Myer et al. The authors devel-
oped a simplified, affordable setup for their intricate 
method of using high knee abduction moment to 
predict ACL injury in young female athletes as an 
alternative to the more expensive 3D motion analy-
sis [83]. Since knee abduction moment, as men-
tioned above, has been regarded as being predictive 
of ACL injury, the authors recommended the use of 
this method in the preseason screening of young 
female athletes. The aim was to prevent ACL injury 
by reducing knee abduction moment in high-risk 
athletes [84]. To summarize, using this method to 
measure knee abduction moment is appealing, but 
questions have been raised recently as to the predic-
tive ability of high knee abduction moment follow-
ing the results of the recent negative publication of 
the abovementioned prospective cohort study [43].
Balance is a modifiable factor, and a common 
assessment test is the Star Excursion Balance 
Test. The Star Excursion Balance Test was first 
described by Gray in 1995 as a rehabilitative tool 
[85]. The test measures balance by placing the 
participant in the center of a star of lines. The par-
ticipant is instructed to stand on one foot and 
achieve maximum reach with the other foot along 
one of eight lines. The test has been used for more 
than two decades, and there are accumulated data 
suggesting that it is reliable in detecting dynamic 
balance deficit [86]. In addition, it has been shown 
that it is possible to improve the performance by 
following a neuromuscular training program [87]. 
The question still remains of whether the improve-
ment in balance that was observed results in a 
reduced risk of lower extremity injury. Further, 
235 youth basketball players were examined pro-
spectively, and a 2.5 fold increase in the risk of 
lower extremity injury in players with poor results 
using the Star Excursion Balance Test was dem-
onstrated. Predictive studies using the test in 
assessments of football players are few in number, 
although one previous study has implemented the 
test in its cohort study [88].
Take-Home Message
During the last few decades, we have seen exten-
sive and ambitious research designed to enhance 
our understanding of injury predictors in football. 
It is obvious that a combination of risk factors and 
injury mechanisms contributes to an increased 
risk of injury. There is sufficient evidence to con-
clude that female gender, for example, is a predic-
tor of ACL rupture or that previous injury is a 
significant risk factor for an increased risk of 
ankle sprain. Based on previous research, screen-
ing tools have been developed to aid the medical 
team to prevent future injuries in the squad. The 
implementation of screening tools requires modi-
fiable risk factors with preventive methods that 
produce a scientifically significant reduction in 
injury risk. The emergence of screening tools con-
stitutes a promising field. However, there are sci-
entific pitfalls, and vigilance is required when 
interpreting the results of novel studies assessing 
this. Moreover, there is still controversy about 
several potential predictors that require additional 
data from large, high-quality studies.
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4.1  Introduction
To accurately predict knee kinematics during an 
anterior cruciate ligament (ACL) injury, a full 
understanding of three-dimensional knee struc-
ture and function is required. The concept of joint 
stability as a “system” must be fully understood. 
Unique features of bone morphology, overall 
body posture, and ligament function interplay to 
allow a healthy knee to remain stable during 
sports activities. In addition, knowledge of the 
impact of forces in a kinetic chain will allow the 
surgeon to conceptualize how whole body move-
ment and posture impacts knee function. The 
development of a prediction algorithm requires 
both identification of patients with high-risk knee 
characteristics, as well as the situations that put 
an individual at risk for an ACL injury. While 
much research has been dedicated to understand-
ing ACL injury, there is no absolute consensus in 
the literature regarding high-risk knee joint char-
acteristics or motions [1–4].
One key to predicting which individuals are 
most likely to sustain an ACL injury is the iden-
tification of the at-risk population. ACL injuries 
affect a relatively young, active population [5, 
6] and are more common in females than in 
males [7, 8]. Non-contact ACL injuries (without 
direct external impact) account for more than 
70% of ACL tears [6], with women more likely 
to have a non-contact ACL injury than men [9]. 
Sports requiring sudden pivot or cutting 
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 maneuvers, such as football (soccer), are at a 
higher risk for an ACL injury than pattern sports 
such as track and field or swimming [9–13]. 
Contact ACL injuries are likely to be high 
energy and have a more unpredictable knee 
kinematic pattern at the time of ACL rupture. 
Therefore, for simplicity, the focus of this chap-
ter will be on identifying factors that will allow 
the clinician to predict knee kinematics at the 
time of a non-contact ACL injury. In this chap-
ter, we will attempt to guide the reader through 
the complexity of papers into an insightful 
understanding of how the leg works as a “sys-
tem” with certain characteristics that can put it 
at risk for an ACL injury and how these charac-
teristics suggest specific knee kinematics in a 
non-contact ACL injury. This will help the clini-
cian to decide which patients require more time 
for recovery of full protective function and 
which patients are likely to readily handle early 
return to play for soccer.
4.2  The Concept of Stability
When a patient refers to the stability of their 
joint, it is described as either stable or unstable. 
This concept can be difficult to understand and 
deserves clarification. Is “instability” a symp-
tom felt only by the patient or is it a condition of 
the joint as a system? “Instability” as a symp-
tom can be misleading. The patient describes an 
unpredictable event that causes the knee to 
buckle suddenly. It is the sudden and unpredict-
able nature of the event that causes the knee to 
be described as “unstable.” Treating surgeons 
spend time trying to understand the true nature 
of the event; is it mechanical subluxation or give 
way weakness from sudden knee pain? 
Mechanical subluxation occurs when a joint is 
in a non-anatomical position for a finite period 
of time. Loading the joint while in this non-ana-
tomical position is unpredictable in nature. In 
this situation, the knee joint as a system is seen 
as “unstable.” A joint, in an anatomical position, 
is considered “stable.”
The concept of stability in a mechanical sys-
tem is described in the book Modern Control 
Systems [14]. Consider a right circular cone on 
its base (Fig. 4.1). Notice that even though each 
cone is currently balanced in a “stable” state, 
the potential for each to become “unstable” 
increases as your eyes move toward the right. 
Progressively cutting the tip of the cone makes 
it “more stable” as the cut gets closer to the 
base. For the knee, the size and shape of the 
bone combined with ligament function interplay 
to maintain the tibia in an anatomical position 
under the femoral condyles. These ligaments 
form an envelope of “joint play” which can 
increase in size at the time of a knee injury. It is 
this increase in size or volume that allows the 
potential for a “non-anatomical or unstable 
event” to occur. Remember that the joint remains 
“stable” if it never experiences a force that puts 
it into an “unstable” position or state. This 
becomes very important to understand when 
determining the timing of return to play. If the 
athlete has an inherently stable knee due to bone 
morphology/postural positioning or the knee 
can be protected from dangerous outside forces 
or activities with low risk force production are 
chosen, return to play can be accelerated.
Fig. 4.1 These cones represent a stable condition. The 
one on its base is the most stable, the one on its side is 
moderately stable, and the one balanced on its tip is the 
least stable. It is the amount of force necessary to cause 
the cones to become unstable that helps categorize them. 
Once pushed they will become unstable until they settle 
back into a stable position
Fact Box 1
A joint remains “stable” if it never experi-
ences a force that puts it into an “unstable” 
state.
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4.3  Bone Morphology
The shape of the distal femur and the proximal tibia 
is important in predicting which knee joint is more 
likely to have an ACL injury. Multiple studies have 
evaluated bone morphology and its impact on pre-
dicting ACL injury. Some have looked at the femo-
ral notch; specifically, a narrow notch has been 
suggested as an indication of a smaller ACL [15–
18]. Others have surmised that the narrow notch 
allows for lateral wall impingement increasing load 
on the ACL with tibial rotation [19]. On the tibial 
side, the posterior slope of the lateral tibial plateau 
has been associated with an increased risk of ACL 
failure [20–23]. The biomechanical concept put 
forward is that an increased posterior slope contrib-
utes to more anterior tibial subluxation with weight 
bearing. The combination of BMI and posterior 
slope of the lateral tibial plateau was identified as a 
predictor for risk of ACL injury [24, 25].
Another concept to consider is the femur to 
tibial size mismatch. Consider for a moment the 
golf ball on a tee (Fig. 4.2). The size of the tee has 
influence on the “stability” of its accompanied 
golf ball. During the performance of a Pivot Shift 
Test, it would require more rotation and/or trans-
lation for a positive test if, like the small golf ball 
and the large tee, the tibial plateau was much 
larger than the distal femur. In one study, the size 
of the distal femur as measured by its AP dimen-
sion plus the height of the lateral femoral condyle 
divided by its lateral tibial plateau AP dimension 
produced a “mismatch” ratio, such that a value 
greater than 1.4 could identify those with a posi-
tive pivot shift [26]. This suggests that patients 
with a large femur and a small tibia are at increased 
structural risk for a positive pivot shift after ACL 
injury. Similarly, it was found that the medial/lat-
eral dimension of the tibial plateau correlated 
with pivot shift grade in women only, not men 
[27]. Clinicians should use this data to help select 
the ACL at-risk athlete.
4.4  The Kinetic Chain
The lower extremities are like links of a chain 
(Fig. 4.3). The position of each link in space influ-
ences the adjoining links. Forces applied at one link 
Fig. 4.2 The size of the tee contributes to the stability of 
the golf ball. The larger surface area of contact allows the 
ball to move farther before falling off. Similarly, if the tee 
is leaning with a particular slope, one can imagine that it 
is harder to balance the golf ball on the tee. A larger lip on 








Fig. 4.3 The kinetic chain considers the lower extremity 
to be like a formal chain where each link is attached to and 
influences its adjoining link and other links distant to it. 
Therefore, it is important to know where each link is in 
space and how each link influences the two that are 
directly linked to it
Fact Box 2
A small tibial plateau with a posterior slope 
may indicate bone morphology at risk for 
ACL injury.
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can propagate up and down the entire chain. For 
example, if one link is damaged resulting in a limi-
tation of motion between two links, then to achieve 
full normal motion, the collection of healthy con-
nections in the chain must necessarily increase 
their motion to make up for the loss in one connec-
tion. There are conditions of the foot/ankle and/or 
hip that will cause the knee to be subjected to path-
ological forces through the concepts of this “kinetic 
chain.” Ligaments have inherent flexibility and are 
more like “ropes” than they are like “bars.”
The femur “floats” on top of the tibia such that 
contact forces are minimized in all positions of 
the kinetic chain. For instance, if you are stand-
ing on the side of a hill, the femur is going to 
position itself on top of the tibia in a way to opti-
mize the balance of the kinetic chain. Specifically, 
the downhill leg may be in valgus with forces 
predominantly through the lateral femoral con-
dyle, and the uphill leg may be in varus with the 
forces predominantly through the medial femoral 
condyle. This suggests that the knee, to function 
optimally, must have a certain amount of “joint 
play” to accommodate all positions of the femur 
with respect to the tibia and maintain function as 
a linkage between the two bones. This is particu-
larly true when the knee joint within the kinetic 
chain acts more like a puppet’s knee connected 
by strings, i.e., wobbly and dependent upon posi-
tion during load application. Therefore, consider-
ation of a patient’s posture during a normal or 
athletic activity is important in describing the 
kinetic chain in the clinical world.
4.5  The Knee as a Self-Contained 
System
Every knee is unique in its bone morphology and 
ligament construct. It is this combination of pas-
sive features interacting together that allows it to 
perform as an optimal linkage system and main-
tain system stability. As such, each knee can and 
should be evaluated separately for its degree of 
stability as opposed to relying upon side-to-side 
comparison. Use of the opposite knee as a means 
for comparison to the injured knee for diagnosis 
of ligament injury is fraught with danger due to 
significant anatomical side-to-side variability 
[28–33]. One study showed that side-to-side dif-
ferences in 18 paired specimens fell within 1.1 
degrees (0–3.0) for adduction/abduction rotation, 
2.8 degrees (1.0–8.3) for external/internal tibial 
axial rotation, and 1.5 mm (0.3–3.9) for anterior/
posterior translation [31]. If possible, each knee 
should be evaluated individually.
The shape of each bone combined with the 
“envelope of joint play” can be used to predict the 
degree of stability enjoyed by a specific knee. The 
only clinical knee examination test that does not 
rely upon side-to-side comparison for the determi-
nation of potential instability is the Pivot Shift Test 
[34–46]. While there is a system for grading the 
Pivot Shift Test, the clinician is more interested in 
whether it is present or not present as an indication 
of a possible “unstable” state. Either the lateral 
femoral condyle can be subluxed in front of the 
lateral tibial plateau and forcibly reduced or the 
knee cannot find that position. The Pivot Shift Test 
evaluates the knee as its own “self-contained sys-
tem” by trying to put the femur and the tibia into a 
non-anatomical position and then cause them to 
slip back into an anatomical position. When con-
sidering return to play, each knee should be evalu-
ated for its potential to slip into a non-anatomic or 
unstable position and the amount of force it takes 
to do so. The clinician can then decide whether 
that knee is at- risk for ACL injury or re-injury 
when determining return to play.
4.6  Evidence-Based Decision 
Making for Return to Play
4.6.1  In Vitro Cadaveric Studies
The first task in predicting the kinematics during an 
ACL injury is the characterization of the “joint play 
envelope.” Cadaveric studies take the knee separate 
Fact Box 3
It is best to evaluate each knee individually 
for stability as side-to-side comparison can 
be misleading.














Fig. 4.4  This is a typical load-deformation curve seen in 
a cadaveric study [47]. This represents the “toe region” of 
the combined anterior and posterior load-deformation 
curves
from the limb and cement/lock the tibia and the 
femur in a pot for placement into a testing device. 
This technique has been used with sequential cut-
ting of ligaments to provide this information [31, 
48–58]. Either a load is applied along a specific 
direction with the resultant new position recorded 
or the tibia is moved to a new position relative to the 
femur with a change in the load recorded (Fig. 4.4). 
Information about the extent of the “joint play enve-
lope” and its load- deformation characteristics are 
gathered in accordance with the specific criteria 
defined by the researcher. The normal values for the 
“joint play envelope” are compiled in Table 4.1. The 
idea is to provide the clinician with a range of nor-
mal based upon current research. Athletes with 
motion outside these normal ranges may represent 
post-injury changes that put the knee at increased 
risk for re-injury. The well- reconstructed and reha-
bilitated knee includes an honest evaluation of the 
current “joint play envelope” with provisions made 
for unacceptable increases.
Table 4.1 Envelope of passive motion between the femur and the tibia. Note that there may be some discrepancies 
between studies as to the zero position of the motion. In some cases, zero position/rotation is taken based upon the shape 
of the curve, and in other cases, it is based upon a preset coordinate system
Envelope of joint play
Anterior translation at 30 degree Force Intact knee ACLDK
Rassmussen AM J Sports Med 2015 88 N 33 ± 0.8 mm 12.3 ± 3.7 mm
Aims JBJS(Br) 2002 By hand 4.5 ± 1.3 mm 16.0 ± 4.0 mm
Noyes/Harms Arthrocopy 2015 100 N 5.4 ± 1.1 mm 15.7 ±4.5 mm
Markolf/Sherman Clin Orthop Rel Res 1987 89 N 3.4 ±1.4 mm 6.8 ± 23 mm
UCLA Device-> 200 N 5.0± 1.8 mm 10.2 ± 2.6 mm
KT-1000-> 89 N 5.6 ± 2.0 mm 12.1 ± 2.6 mm
Lewis
Daniels Am J Sports Med 1985 89 N 7.3 ± 2.4 mm 11.4 ± 29 mm
Amis JBJS (Br) 1993 150 N 8 mm 25 mm
Espregueira-Mendes KSSTA 2012 88 N 5.1 ± 0.6 mm 10.5 ± 19 mm
Roth ASME Bioengineering Conf (2013) 45 N Ant—5 mm n/a
Post—3 mm n/a
Internal rotation at 30 degree Torque Intact knee ACLDK
Rassmussen Am J Sports Med 2015 5 Nm 15.7 ± 5.1 degree 163 ±5.1 degree
Alam Am J Sports Med 2012 4 Nm 4.1 ± 0.2 degree n/a
6 Nm 6.1 ± 0.3 degree n/a
Nest of birds-> 8 Nm 10.3 ± 0.6 degree n/a
Rotational measurement device -> 4 Nm 7.3 ± 0.4 degree n/a
6 Nm 11.3 ± 0.8 degree n/a
8 Nm 14.8 ± 1.0 degree n/a
Musahl KSSTA 2007 6 Nm 21.9 ± 0.83 degree n/a
Noyes/Harms Arthroscopy 2015 5 Nm 18.8 ± 3.4 degree 203 ± 4.0 degree
(continued)
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4.6.2  In Vivo Gait/Posture Studies
To return an athlete to play, the clinician must 
understand at-risk sports posture and muscle activ-
ity. Gait analysis and/or postural analysis studies 
are useful as they allow for quantitative analysis of 
the three-dimensional trajectories of the joints, as 
well as the forces and moments experienced 
throughout activity. This allows researchers to 
investigate the extrinsic factors that may play a 
role in ACL injury, such as altered motor control 
strategies during movement [59]. These studies 
are particularly advantageous as they allow the 
body to position itself without interference, which 
may provide clues to “ACL at-risk” postures [1, 
22, 59–62]. Furthermore, muscle timing and func-
tion can be studied using EMG, which may help us 
understand the role of muscle contraction on the 
ACL. For instance, using this technique, hamstring 
co-contraction has been suggested to have a pro-
tective effect on the ACL [63].
Given higher rates of ACL injury in females as 
opposed to males, posture used by females may 
provide clues for at-risk knee motions. For 
instance, it has been suggested that female recre-
ational athletes have smaller knee flexion angles 
and greater knee valgus angles during the stance 
phases of running and cutting tasks and may 
experience greater anterior tibial shear force and 
have less knee flexion and greater valgus moments 
during jump and landing tasks than males [59, 
61]. One group showed that of 205 athletes evalu-
ated pre-season for jump-landing characteristics, 
the nine subjects who ultimately sustained an 
ACL injury had a significantly higher average 
knee abduction (valgus) angle as well as a 2.5 
times higher knee abduction moment and 20% 
higher ground reaction force [1]. Analysis of vid-
eographic footage at the time of injury showed 
that female players landed with significantly more 
knee and hip flexion and had a much higher rela-
tive risk of sustaining a postural “valgus collapse” 
than did male players [64], while another video-
graphic study implicated valgus loading at a low 
flexion angle as a key causative factor for ACL 
injury [65]. These studies would suggest that 
loading on a valgus knee, or landing with the knee 
positioned at a low flexion angle, may increase 
the risk of ACL injury. The clinician should be 
aware that patients demonstrating these postural 
mechanics may be at higher risk for injury and 
require more strength and postural training than 
other post-injury or post-surgery patients before 
return to playing soccer.
Envelope of joint play
Roth ASM Bioengineering Conf (2013) 3 Nm 15 degree n/a
External rotation at 30 degree Torque Intact knee ACLDK
Alam Am J Sports Med 2012 4 Nm 4.3 ± 0.1 degree n/a
6 Nm 6.9 ± 0.4 degree n/a
Nest of birds-> 8 Nm 103 ± 0.5 degree n/a
Rotational measurement device -> 4 Nm 7.8 ± 0.5 degree n/a
6 Nm 11.8 ± 0.8 degree n/a
8 Nm 15.5 ± 1.1 degree n/a
Roth ASIUE Bioengineering Conf (2013) 3 Nm 19 degree n/a
Abduction/adduction at 30 degree Torque Intact Knee ACLDK
Shultz J Orthop Res 2007 (20 degree flex) 10 Nm Valgus-5.35 degree n/a
Varus-4.4 degree n/a
Amis JBJS(Br) 1993 10 Nm 13 degree 14 degree
Markolf JBJS (Am) 1976 (20 degree flex) 29 Nm Valgus-5.4 ± 2.1 degree n/a
Varus-5.4 ± 2.1 degree n/a
Roth ASME Bioengineering Conf (2013) 5 Nm Valgus-:1.8 degree n/a
Varus-2.2 degree n/a
Table 4.1 (continued)
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The definition of “valgus collapse” used in 
these studies includes such criteria as increased 
femoral anteversion, genu valgum, and hind-
foot pronation. It is important to understand 
that the “valgus collapse” described in the lit-
erature is a postural only event. There is a fun-
damental difference between the “valgus 
collapse” as identified via videographic studies 
and “valgus overlap” as seen when the lateral 
tibial plateau falls in front of the radius of cur-
vature of the femur resulting in a “non-anatom-
ical” position. This “valgus overlap” is the 
non-anatomical position described during the 
Pivot Shift Test and is the result of the joint 
losing stability due to the ACL rupture, rather 
than the mechanism of ACL rupture itself. 
While there are studies suggesting that a form 
of a positive pivot shift, known as the pivot 
glide, might occur in a healthy knee, it is gen-
erally understood that a positive pivot shift is 
associated with an absent ACL [34–46]. 
Therefore, the authors would like to make a 
note of this difference; “valgus collapse” is not 
the same as “valgus overlap.” By combining 
information from in vitro studies with in vivo 
studies, it appears that axial loading on a val-
gus knee may be an example of an “ACL at-
risk posture.” However, what remains important 
to consider are the other factors associated 
with gender and kinetic chain morphology that 
may magnify forces in the ACL seen with axial 
loading on a valgus knee. Still it may be impor-
tant to consider additional physical training to 
change these postural behaviors prior to return 
to sport.
4.6.3  Perturbation Studies
There is a need to identify the athlete with at-risk 
motions within the knee. To study these motions, 
the interaction between the tibia and the femur 
must be allowed to have unimpeded limb seg-
ment motion, in a precise environment for mea-
surement of rotations/translations and exposed 
forces. The use of these techniques could be con-
sidered “perturbation” studies. There are several 
examples of in vitro and in vivo “perturbation” 
studies in the literature [18, 34–36, 40, 66–73]. 
These studies allow the investigation of system- 
based interactions that couple together to increase 
load on the ACL and its risk for injury. It is these 
“coupling” events that give insight into the knee 
kinematics at the time of non-contact ACL injury.
Current optical tracking systems during gait 
or postural testing fail to provide accuracy at the 
level necessary to distinguish the subtle knee 
kinematics associated with knee ligament injury. 
Typically, changes in femur/tibia juxtaposition 
after injury involve translations and/or rotations 
that are on the order of millimeters or single digit 
degrees. Therefore, techniques that provide 
higher accuracy that can be obtained from tradi-
tional gait analysis studies are necessary. A 
unique system for evaluating knee kinematics 
and ligament function in vivo has been devel-
oped using three-dimensional models of the 
knee joint created from MR images [49, 74–77]. 
The joint models represent the structure of the 
femur and tibia, as well as the origin and inser-
tion points of ligaments. By mapping these mod-
els onto dynamic biplanar fluoroscopy images 
obtained during postural tasks or dynamic activ-
ity, the relative positions of the femur and tibia, 
as well as ligament strains, can be calculated for 
various knee positions. Thus, the in vivo kine-
matics of the ACL in the uninjured knee, as well 
as kinematic changes due to ACL injury, can be 
quantified. For example, it was found that the 
length of the ACL decreased and tibial insertion 
of the ACL twisted internally relative to the fem-
oral insertion as knee flexion angle increased in 
the uninjured knee [74]. Another study found 
that ACL strain peaked just prior to landing during 
a jump-landing task [76], and that ACL strain 
peaked when the knee was near full extension, 
with a second local maximum near the end of 
swing phase just prior to heel strike during gait 
[75]. Furthermore, a subsequent study demon-
strated that in males subjected to various postural 
Fact Box 4
“Valgus overlap” is not the same as “valgus 
collapse.”
4 How to Predict Knee Kinematics During an ACL Injury
pieter.orthopedie@gmail.com
54
positions, the “valgus collapse” posture resulted 
lowest ACL strain, while the maximum ACL strain 
occurred at full knee extension [77]. ACL- deficient 
knees have also been studied using this technique. 
It was demonstrated that loss of the ACL resulted 
in a mean medial (1.4 mm) and anterior (3.8 mm) 
shift of the tibia relative to the femur during lunge 
loading at 15 degrees of knee flexion [52]. 
Furthermore, it was found that the ACL-deficient 
knee demonstrated an anterior shift (1.9 mm), 
medial shift (1.2 mm), and internal rotation 
(2.2 deg) compared to the intact knee [78].
In the clinical world, the physical examination 
of the knee provides significant information to 
the surgeon. The classic clinical knee examina-
tion includes the AP Lachman Test, Tibial Axial 
Rotation Test, and the Varus/Valgus Stress Test. 
Each test is characterized by the clinician’s appli-
cation of a force or torque in a primary direction, 
e.g., anterior/posterior force in the AP Lachman 
Test. During the test, motion of the knee in the 
direction of primary force application along with 
motion in the other 5 degrees of freedom is felt 
by the clinician. To aid in making each test more 
objective, measurement systems like the 
KT-1000, KT-2000, Stryker KT, Rolimeter, and 
Vermont Laxity Tester have been developed. 
Recently, a standardized and automated robotic 
(STAR) clinical knee examination system was 
devised to allow the application of a standard 
force/torque to the foot/leg while measuring 3D 
motion between the femur and the tibia using an 
electromagnetic system. Objective load- 
deformation curves can demonstrate all “cou-
pled” 3D motions during each clinical knee 
examination test. These motions are “coupled” to 
the “primary motion.” This “coupling effect” in 
the knee was first described as the presence of 
internal and external rotation of the tibia in 
response to an anterior/posterior translational 
force during the AP Lachman Test (see Fig. 4.5) 
[79]. The “coupling effect” between the primary 
and all secondary directions is shown in Fig. 4.6. 
For instance, the loss of the anterior cruciate liga-
ment results in, not only, increased anterior trans-
lation (Fig. 4.6d) but increased tibial flexion 
(Fig. 4.6a), loss of coupled internal rotation 
(Fig. 4.6e), and joint distraction (Fig. 4.6f). The 
loss of coupled internal rotation and the increased 
medial translation of the tibia after cutting the 
ACL with anterior loading previously described 
is confirmed in this Fig. 4.6 [52, 53, 78]. These 
results are similar to those reported by Noyes et. al 
[48 and Table 4.2].
The application of a knee abduction moment 
has been of great interest [1, 2]. This same 
moment is applied during the Varus/Valgus Stress 
Test. The “coupled” primary and secondary 
motions are seen in Fig. 4.7. The most important 
of these coupled motions is anterior translation 
(Fig. 4.7b) and internal rotation (Fig. 4.7c) of the 
tibia with respect to the femur during a knee 
abduction moment. In addition, there is a “valgus 
overlap” that occurs during the knee abduction 
moment as seen by relative joint compression 
(Fig. 4.7d) only with complete loss of the 
ACL. For the test, the foot is internally rotated 
making the second toe perpendicular to the floor. 
This internally rotated foot helps to create the 
coupled anterior translation/internal rotation dur-
ing application of the knee abduction moment. It 
is the tibial position at application of the knee 
abduction moment that has influence on lateral 
compartment translation during valgus force 
application. It is important to see that this “valgus 
overlap” does not occur even if all the secondary 
stabilizers to internal rotation are cut. “Valgus 















Anterior load + int. rot.
Fig. 4.5 Note that in the first example, only a direct ante-
rior load is applied, while in the second example, com-
bined anterior and internal rotation loads are applied. In 
this example, the entire hysteresis curve in a single 
cadaver is shown (modified from [79])
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Fig. 4.6 This figure demonstrates the unimpeded motion 
of the tibia with respect to the femur at 30 degrees of knee 
flexion in all six degrees of freedom in the untouched 
cadaver, anterolateral corner (ALC) and posterior oblique 
ligament (POL) cut, and the addition of the ACL cut 
knees during the application of an anterior/posterior force. 
These are mean curves in 12 cadaver knees. All displayed 
motions are coupled in nature as only an anterior/poste-
rior directed force is applied. Note that extension/flexion 
is not of the knee; it is extension/flexion of the tibia as the 
foot remains in the same location
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Injury patterns within the ACL-damaged knee 
can be used to predict knee kinematics at the time 
of injury. With the MRI scan, femur and tibia 
contact points at the time of the injury can be 
seen in the form of bone contusions [21, 80, 81]. 
It is these anatomical points that indicate the 
position of the tibia under the femur at the time it 
breaches the “normal joint play envelope” and 
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Fig. 4.7 This figure demonstrates the unimpeded motion 
of the tibia with respect to the femur at 30 degrees of ini-
tial knee flexion in all six degrees of freedom in the 
untouched cadaver, anterolateral corner (ALC) and poste-
rior oblique ligament (POL) cut, and the addition of the 
ACL cut knees during the application of a knee adduction/
abduction moment. These are mean curves in 12 cadaver 
knees. All displayed motions are coupled in nature as only 
the knee adduction/abduction moment is applied. 
Statistical significance is noted and is also in the table
Fact Box 5
Loss of all secondary stabilizers for internal 
rotation does not result in “valgus overlap.” 
Only loss of the ACL allows for the poten-
tial of “valgus overlap.” It represents the 
“unstable” state in the ACL-deficient knee.
Table 4.2 Loss of the anterior cruciate ligament (ACL) 
results in a loss of the coupled internal rotation with direct 
anterior force during the AP Lachman Test. Note that the 
results are similar in the STAR Robotic Test (Fig. 4.6) 
(modified from [47])
Mean degrees of coupled rotation during anterior translation 
tests for intact knees and after ligament sectioninga





ACL & MCL 0.6 0.0
aNegative numbers represent internal rotation and positive 
numbers represent external rotation. These numbers are 
the change in tibial rotation from the position of the tibia 
after application of anterior forces or abduction moments. 
Intact (11 donors); ACL cut (6 donors); MCL cut (6 
donors); ACL & MCL cut (6 donors).
ACL anterior cruciate ligament; MCL medial collateral 
ligament
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state. Studying acute complete ACL tears within 
45 days of injury, a pattern included bruising over 
the terminal sulcus of the lateral femoral condyle, 
and the posterolateral tibial plateau was identi-
fied. The authors suggest that this pattern may be 
indicative of a “pivot shift” event in which the 
anterior tibial translation and valgus rotation 
occur concurrently with an ACL tear [82]. 
Another study suggested that the bone bruise pat-
tern in non-contact ACL ruptures indicated ante-
rior tibial translation and tibial internal rotation 
as the major mechanisms of injury [21].
Recently, researchers used numerical optimi-
zation to determine the position of the bone nec-
essary to maximize the overlap of a set of bone 
bruises to the relative positions of the femur and 
tibia at the time of injury (Fig. 4.8) [83]. Flexion 
angle, valgus orientation, internal tibial rotation, 
and anterior tibial translation were compared 
between the original positioning of the knee in 
the MRI and the predicted injury position. 
Flexion angle was near full extension, while 
internal tibial rotation (19 deg) and anterior tibial 
translation (22 mm) were increased in the pre-
dicted position of injury relative to the MRI posi-
tion. Valgus angle was only slightly increased 
(6 deg) in the injury position as compared to the 
MRI position. Therefore, the results of this study 
would support the hypothesis that landing with 
an extended knee puts the ACL risk for rupture. 
Keep in mind that the range of “normal joint 
play” for valgus is 5.4 deg ± 2.1 with the applica-
tion of 29 Nm of knee abduction moment [31]. 
These studies provide the clinician with further 
insight into the potential impact of postural posi-
tioning along the edge of their “joint play enve-
lope” increasing the risk of ACL injury. The 
clinician must be able to identify the at-risk 
patient for injury to the ACL and insure that they 
achieve a higher level of physical training before 
being allowed to return to play in soccer.
4.7  An Algorithm 
for the Prediction of Knee 
Kinematics During ACL 
Injury
Setting up an algorithm for the prediction of knee 
kinematics during ACL injury depends on under-
standing stability in the biomechanical system, as 
well as the impact of bone morphology and normal 
joint play envelope on the stability of the system, 
and the role of posture at the time of injury. Without 
a clear vision of the interaction between these criti-
cal features, prediction is less reliable. The key to 
describing a prediction algorithm revolves around 
understanding the obligatory secondary motions 
that occur at the knee in response to outside forces 
as well as the position of loading at ACL injury. 
Before injury, a healthy knee is stable and functions 




















Fig. 4.8 Numerical optimization was used to maximize 
overlap of bone bruises on the femoral condyle (red) and 
tibial plateau (blue) and predict the position of injury. A 
sagittal view of a 3D model of one subject’s knee is shown 
in the MRI position (left) and in the predicted position of 
injury (right). (A anterior, P posterior, S superior, I infe-
rior) (Figure adapted from [29])
Fact Box 6
A knee where the tibia positions itself 
underneath the femur at the edge of a large 
joint play envelope with a femur-tibia size 
mismatch, a narrow notch, and an increased 
posterior tibial slope, combined with an 
“at-risk” posture, such as one that enhances 
abduction moments through the knee at 
weight-bearing impact or increases ACL 
strain, represents an “at-risk” knee for ACL 
injury.
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with a predictable nature. A knee where the tibia 
positions itself underneath the femur at the edge of 
a large joint play envelope with a femur-tibia size 
mismatch, a narrow notch, and an increased poste-
rior tibial slope, combined with an “at-risk” pos-
ture, such as one that enhances abduction moments 
through the knee at weight-bearing impact or 
increases ACL strain, represents an “at-risk” knee 
for ACL injury. While there is no absolute consen-
sus in the literature as to high-risk knee joint 
motions before or during the ACL injury, there is 
evidence to suggest that “valgus overlap” placing 
the tibia under the femur in a non-anatomic posi-
tion is a kinematic result, like a “pivot shift,” of the 
post facto ACL injury itself. Furthermore, evidence 
exists to support the hypothesis that landing on a 
valgus knee in extension is a high-risk maneuver 
that puts the ACL at risk for injury. The clinician 
should develop their own algorithm with the infor-
mation presented in this article to craft an athlete-
specific post-injury or post-surgery physical 
training program for return to play, particularly in 
sports such as soccer.
Take-Home Message
The prediction of knee kinematics during an 
ACL injury takes knowledge of sports activities, 
population segment, posture, bone morphology, 
and internal biomechanics of the knee. Sports 
activities, such as soccer, that place a premium 
on jumping and landing appear to have an 
increased incidence of these injuries. Female 
athletes in these sports appear to be at a higher 
risk, potentially due to differences in motion pat-
terns (i.e., increased valgus, decreased knee flex-
ion). Bone morphology may contribute to the 
likelihood of ACL injury (i.e., posterior slope 
and relative tibial size), and the dimensions of 
the “joint play envelope” may help determine the 
amount of force necessary to cause injury. While 
there is no absolute consensus on the biome-
chanical mechanisms leading to non-contact 
ACL injury, there is extensive evidence to indi-
cate that ACL injury may be the result of a com-
bination of these factors. Clinicians should use 
this information to determine which athlete will 
require more physical training before safe return 
to play.
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5.1  The Football-Playing 
Population, Teams’ Injury 
Burden, and Common Types 
of Football Injuries
Football is likely the most popular team sport on 
our planet, with over 265 million FIFA-registered 
players worldwide [1]. Considering a popularity 
of this magnitude, it is easy to conclude that foot-
ball players constitute a heterogeneous popula-
tion. This is important to bear in mind when 
interpreting the results of medical research on the 
players’ health and especially when aiming at 
defining treatment guidelines.
An average team of 25 male players, playing 
on the highest level of European football, can 
expect an average of 50 injuries during the course 
of a season [2, 3]. For the average player, this 
means between 1–2 injuries resulting in an aver-
age layoff time of 24–37 days from match play 
and training [2, 4]. In addition to being highly 
costly [5–7], these injuries have been shown to 
have adverse consequences on team performance 
[8] and logically on the health and career of indi-
vidual players [9].
Most injuries in football affect the lower 
extremity, with muscle strains of the thigh, groin, 
and calf muscles, ligament sprains of the ankle 
and the knee joints, and contusions of the lower 
leg, the ankle, and the thigh being the most com-
mon injury types [2, 10, 11]. Also head injuries 
are worth mentioning, as an alarming and 
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injuries has been observed recently [12]. In inter-
national football tournaments, 15% of all injuries 
affect the head and neck, with concussion being 
the most common diagnosis [13].
Most football injuries are traumatic or “acute- 
onset” injuries, while approximately 8–28% of 
injuries have been reported to result from overuse 
[2, 3, 14]. Some traumatic injuries are contact 
injuries, i.e., injuries that result from player-to- 
player contact, as in, for example, tackle situa-
tions, while traumatic non-contact injuries occur 
while running or while performing other game- 
related actions, such as shooting the ball, jump-
ing, and landing, or during other movements. The 
risk of injury is substantially, and significantly, 
higher during match play compared with train-
ing. A study on elite European male football with 
an 11-year follow-up period found an almost sev-
enfold injury incidence during match play com-
pared with training [15].
A lot of epidemiological research has been 
conducted in order to identify risk factors for 
injuries. Traditionally, these factors have been 
divided into two broad categories: extrinsic and 
intrinsic risk factors [7]. Extrinsic risk factors are 
related to the playing conditions and environ-
mental variables, whereas intrinsic risk factors 
reflect the individual players’ biological and/or 
psychological characteristics [7]. This categori-
zation is not always simple or even possible, as 
some extrinsic factors may influence intrinsic 
factors and vice versa.
5.2  Match Performance 
and Fatigue
Football is a complex sport. In addition to physi-
cal capacities, such as power, strength, and endur-
ance, players require technical and game-specific 
skills, related to actions with the ball, as well as 
visual, perceptual, and cognitive skills [16–18]. 
The performance level of football players during 
a 90-min match is not constant. Match play is 
characterized by short match periods involving 
high-intensity activities, such as sprinting, tack-
ling, or changing running pace, followed by low- 
intensity periods, necessary for the players to 
recover between the high-intensity periods [16]. 
Results of a study assessing match performance, 
physical fitness, and development of fatigue dur-
ing professional football matches showed that 
5- min match periods, during which high-inten-
sity running peaked, were followed by 5-min 
periods, in which a reduction in performance 
below the average match level was observed [19]. 
Several studies have shown that the number of 
injuries increases toward the ends of match 
halves, strongly suggesting an association 
between the development of fatigue and an 
increased risk of suffering injuries [3, 4, 10, 20]. 
Fatigue has been found to accumulate toward the 
end of matches, but matches also appear to 
include periods of temporary fatigue [19]. 
Importantly, many factors, in addition to time 
(exposure), appear to influence the development 
of fatigue. These factors can be both match-
related (extrinsic) factors, such as match result, 
match venue, and the quality of opposition, and 
player-related (intrinsic) factors, such as physical 
capacity and the age or gender of the player [21]. 
Future studies combining data obtained through 
match performance analysis with injury data 
could probably increase our understanding of the 
association between player performance and 
injury risk (Fig. 5.1).
The trend of an increasing injury incidence 
toward the end of match halves in football has 
been shown, specifically, for muscle injuries 
[20]. Muscle injuries have also been shown to 
increase when the recovery time between matches 
Fig. 5.1 Player involved in physical activity 
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is short [22], further supporting the possible asso-
ciation between fatigue and muscle injuries. 
Almost all of these injuries occur by non-contact 
mechanisms, and they are typically muscle 
strains or tears of the hamstrings, the quadriceps, 
the groin, and the calf [20]. Muscle injuries are of 
a particular concern from the safe-return-to-play 
perspective, as they cause more than 25% of the 
player unavailability in professional football, and 
as much as 16% of muscle injuries have been 
shown to be re-injuries, i.e., injuries of the same 
type and location, that occur within 2 months of 
the final rehabilitation day of the previous injury 
[20, 23]. This suggests, alarmingly, that muscle 
injuries would often be inadequately  rehabilitated, 
before the injured player returns to play. 
Re-injuries are a major concern in football, also 
because they tend to be more severe than initial 
injuries, i.e., they tend to result in significantly 
longer rehabilitation periods (layoff times) com-
pared with initial injuries [20] (Fig. 5.2).
5.3  Fixture Congestion and Risk 
Taking
Fixture congestion, and its association with the 
risk of injuries, is a factor of particular interest 
from the safe-return-to-play perspective, as 
teams’ match calendars during parts of the sea-
son can become extremely condensed, especially 
for teams participating in several competitions. 
The pressure of having a high level of player 
availability for squad rotation can thus be emi-
nent. It is unfortunately not uncommon to read 
media reports of instances, when a conscious 
risk has been taken by fielding a player with a 
recent injury, or letting an injured player return 
to play after an apparent initial injury, especially 
when it comes to matches of great importance. 
This type of risk taking could potentially result 
in the player suffering a re-injury or worsening 
the initial injury. Examples of such incidents, 
some of which also gained widespread media 
coverage, occurred during the EURO 2016 and 
the 2014 FIFA World Cup finals. Especially a 
head injury of a player in the 2014 FIFA World 
Cup final provoked widespread discussion on 
how to ensure appropriate evaluations of players 
suffering head injuries in match conditions. 
Following the World Cup tournament, FIFA’s 
Medical Committee introduced a new protocol 
(approved by the FIFA Executive Committee), 
under which the referee has the ability to inter-
rupt the match for 3 min, whenever an incident 
of suspected concussion occurs, and under which 
the injured player will not be allowed to resume 
play before given authorization from the team 
physician [24, 25].
A male football player playing on the highest 
level of Europe participates on average in 254 h of 
football per year [15]. Most of this time (213 h) is 
spent in training sessions and the rest in match 
play [15]. Perhaps unsurprisingly, players have 
been shown to occasionally feel overloaded and 
often not completely recovered between training 
sessions or matches during a season, and this 
appears to apply for players across different age 
groups and skill levels [26]. Teams apply a wide 
range of recovery strategies for enhancing recov-
ery between matches and between training ses-
sions, although the efficacy of many of these 
methods remains to be scientifically proven. 
These strategies include, among others, using spe-
cial nutritional intakes, cold water immersion, 
compression garments, massage, electrical stimu-
lation, and different forms of active recovery [27].
Some studies have found significant associa-
tions between periods with a high fixture conges-
tion and a higher risk of injuries [22, 28]. A UEFA 
injury study on top-level European football 
players showed that 29% players that played more 
Fig. 5.2 Injured player
5 Match-Related Factors Influencing Injury Risk
pieter.orthopedie@gmail.com
66
than one match per week during the season and 
that participated in the World Cup tournament 
after the club season either underperformed or 
suffered an injury during the World Cup tourna-
ment, even though their risk of suffering injuries 
during the season (during the congested period) 
was on the same level with other players [29]. 
Curiously, a study on injuries in male World Cup 
football tournaments showed a counterintuitive, 
but significant, association between a longer 
recovery time and a higher risk of injuries [30]. 
Some of the differences between the results of dif-
ferent studies may reflect different in research 
methodologies, for example, regarding injury 
definitions, but they may also reflect differences 
in the populations included or the types of tourna-
ments included in the studies. The bigger football 
clubs, or international teams of the highest level, 
may also have several top-level players for same 
playing positions, thus increasing their possibili-
ties for squad rotation and consequently giving 
them an advantage in terms of avoiding fatigue 
compared with other teams. Unfortunately, data 
on the possible association between the level of 
squad rotation and injury risk are, thus far, scarce.
Players might, at least to some extent, adapt to 
the high physical demands posed on them by the 
strenuous training and match schedules during a 
season [19], and by appropriate planning of work-
loads, some injuries may be possible to prevent. 
Player exposure could be regarded as a value 
partly reflecting players’ workload. Recently, an 
approach that differentiates between acute and 
chronic workloads has been encouraged and 
applied in research on sports injuries [31–33]. The 
acute workload refers to short-term workload dur-
ing a specific period of the season, while chronic 
workload reflects the workload during a longer 
(“medium-term”) period of time [31]. High 
chronic workload appears to reduce the risk of 
injury, whereas rapid and/or excessive increases 
in acute workload appear to have the opposite 
effect [31–33]. Results of a study on youth foot-
ball players also suggest that progressive increases 
in chronic workload may develop physical toler-
ance to periods of high acute workload and poten-
tially also reduce the risk of injuries [33]. This 
phenomenon could also partly explain the results 
of a match performance study, which suggest that 
professional players improve their performance 
level during the course of a season [19]. These 
results indicate that workload (or exposure) per se 
would not be an issue considering injury risk but 
that appropriate planning of match and training 
schedules, i.e., appropriate load management, 
would be beneficial from an injury-prevention 
point of view. This view is supported by the 
International Olympic Committee’s (IOC) con-
sensus statement on load in sports and the risk of 
injury [34]. Importantly, when monitoring load in 
athletes, the IOC supports a multifactorial 
approach, which takes into account not only fac-
tors related to physical recovery and fatigue but 
also factors related to non-sports- related stress, 
the athletes’ general health and well-being, as 
well as vigor and motivational issues [35]. Future 
research applying these definitions will hopefully 
deepen our knowledge on the association between 
workload and the risk of injuries.
5.4  Foul Play, Refereeing, 
and Player Attitudes
In approximately a quarter of all injuries and 
almost half of all contact injuries in football, foul 
play is involved in injury causation [2, 11], and 
foul play has thus been regarded as the most 
important extrinsic risk factor for injuries [7]. 
Most of these “foul play injuries” are contusions 
and ligament sprains affecting the lower leg, 
ankle, knee, and thigh [2, 11, 36]. A foul is  ideally 
awarded by the match referee every time a player 
breaks the rules (or the Laws of the Game), as 
Fact Box 1 General extrinsic factors 
influencing injury risk
• Fixture congestion (match schedule)
• Workload management
• Climatic conditions and seasonal 
changes
• Level of play
• Gender
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they are outlined by FIFA. An infringement to the 
rules may present as use of excessive force and 
careless or reckless offenses on opponents by 
players or teams [37]. The rules, and the match 
referees making it sure that the rules are followed, 
can therefore be considered as having a role in 
protecting the players’ health. Referees are human 
beings, who are, as all of us, prone to making 
errors and being influenced by their circum-
stances. Previous research suggests that referees’ 
decisions may be influenced by several environ-
mental factors, such as on which part of the pitch 
a tackle occurs, the home/away team status, the 
size of the crowd, and the match period [38–40], 
and their injury-preventive role may thus, under 
certain match conditions, be compromised.
Players do not always facilitate the referees’ 
mission. A study on football players’ psychologi-
cal and sport-specific characteristics, across dif-
ferent age groups and skill levels, showed that 
almost all players were ready to commit a delib-
erate (“professional”) foul, depending on the 
importance of the match or the match score line 
[26]. The same study also showed that most play-
ers thought that hidden fouls and provocation 
constitute a normal part of football and that more 
than half of the players aim at taking revenge for 
hidden fouls committed against them, by apply-
ing similar methods [26]. This does, of course, 
not mean that all fouls are deliberate. The results 
of a video analysis study of over 8500 tackle situ-
ations suggested that there was a high level of 
player error involved in tackling [41]. It is also 
important to remember that tackling is an essen-
tial part of football and that only 2% of all tackles 
result in injuries [41]. A match performance anal-
ysis study showed that an average player tackles 
20 times per match [19]. The important aim is, 
therefore, to recognize the tackles involving a 
high risk of injury, in order to reduce the risk of 
injury by a more strict application of the rules or, 
in some cases, even by modifying the rules. 
Previous research suggests that injuries could be 
prevented by this kind of measures. An epidemio-
logical study on head and neck injuries in foot-
ball identified the use of the upper limb in tackles 
involving vertical jumping as the most common 
reason for severe head injuries [13]. Based on 
this finding, the referees were instructed to 
severely sanction fouls of this type, and a decrease 
of the number of head injuries from 25 to 13 was 
found between the 2002 and 2006 FIFA World 
Cups [42], probably at least partly due to the 
stricter refereeing applied (Fig. 5.3).
A study on foul play injuries in men’s World 
Cup football showed a significant association 
between an increasing number of fouls in a match 
and an increase in injury incidence [30]. The 
same study showed that the variation in the risk 
of injuries during different match periods was 
similar for both injuries that involved foul play 
and other injuries. No differences were found 
between different playing positions either. This 
suggests that there are probably several common 
underlying factors for injuries that involve foul 
play and for other injuries. However, the associa-
tion between a high number of fouls and a high 
risk of injury may suggest that aggressive match 
circumstances pose an increased risk for players 
to suffer injuries. Hypothetically, a player not 
fully recovered from a previous injury would 
accordingly benefit from being substituted from 
matches where fouls appear to accumulate.
5.5  Match Conditions and Their 
Influence on the Risk 
of Injuries
Football matches are characterized by a great 
number of events that have the potential to alter the 
course of the following match and that potentially 
Fig. 5.3 Foul play
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require rapid responses from individual players, 
team management, and other members of team 
staff. Such events may include injuries to players, 
player substitutions, changes in the score (goals 
being scored), incidents in which players or some-
times even other team staff members behave 
aggressively, player bookings (yellow cards) or 
player expulsions (red cards), referees’ decisions 
(that may or may not be erroneous), and altered 
weather conditions, among perhaps countless oth-
ers. These events may affect player attitudes and 
team strategies and thus alter match conditions fol-
lowing the event. Players and other members of 
the team staff have to be able to adapt to these 
kinds of potential alterations in match conditions, 
as they characterize the sport.
As mentioned above, the fatigue developing 
during the course of a match is most likely a con-
tributing factor on the trend of an increasing 
injury incidence toward the end of match halves. 
There are, however, other factors that influence 
the risk of injuries during the course of a game. 
Two studies on the influence of match events on 
injury risk in men’s World Cup football found 
that the current score, referees’ sanctions (yellow 
and red cards), and player injuries were associ-
ated with changes in the injury incidence during 
different match periods [43, 44]. The studies 
found that teams in a team currently winning ran 
a significantly higher risk of suffering injuries 
than teams currently drawing or losing, while no 
statistical differences were found between play-
ers in drawing and losing teams [43]. This might 
reflect changes in team strategies that teams 
apply during altered match conditions. Analysis 
of team tactics and ball possession strategies 
applied by teams has shown, for example, that 
losing teams aim to increase their ball posses-
sion, while winning teams tend to apply an oppo-
site strategy [45]. This might, hypothetically, 
expose players of the winning team to more tack-
les from the losing team aiming to increase ball 
possession. A study on aggression in football also 
suggested that players of weaker teams apply 
more aggressive measures, as the study found 
that the level of injuries caused by weaker teams 
was greater than that of stronger teams [46]. The 
researchers concluded that some injuries in foot-
ball were likely to be caused by deliberate aggres-
sive behavior of certain players [46]. The studies 
on the influence of match events on injury risk in 
male World Cup football also found a higher risk 
of injury during 5-min match periods following 
goals, player injuries, and referees’ sanctions (red 
and yellow cards) compared with other match 
periods [44]. Previous research has shown that 
players’ concentration is negatively affected by 
social environmental settings of complexity and 
stress and by aroused and angry behavior [47]. 
Some match events may, hypothetically, contrib-
ute to this type of environmental settings. Seeing 
teammates being hurt by other players or seeing 
other athletes getting badly injured has also been 
found to trigger physiological responses in ath-
letes [48]. As mentioned above, many football 
players also have a tendency of aiming at taking 
revenge when feeling being fouled and that most 
players find that fouls can be acceptable, depend-
ing on the match circumstances [26]. Recognizing 
the match periods involving a high risk of injury 
may be beneficial, especially for players that 
have undergone a recent rehabilitation period 
from a previous injury. A previous injury has 
been identified as a risk factor for a new injury [7, 
49–51]. As mentioned above, the match circum-
stances also affect the level of the developing 
fatigue, providing another potential factor behind 
this, most likely multifactorial, association 
between match events and injury risk. Team per-
sonnel may, at least speculatively, be able to 
reduce the risk of recurrent injury by substituting 
the player when the risk of injury is high or at 
least encourage the player to play more cau-
tiously during those match periods.
5.6  Other Match Factors 
and Regional Differences
One of the research questions, related to the asso-
ciation between injury risk and playing condi-
tions, which has been the subject of several 
studies, is whether injury risk is different while 
playing on natural grass compared with artificial 
turf. Most studies have found no significant dif-
ferences in the general injury risk [52–56]. 
Somewhat contrarily, the results of a meta- 
analysis comparing football injuries on natural 
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grass and on artificial turf suggested that the 
injury risk could, under some match conditions, 
be lower while playing on artificial turf compared 
with natural grass [57]. However, the researchers 
concluded that more research was necessary in 
order to determine the underlying factors. A pro-
spective study on injury risk in top-level men’s 
football found a higher incidence of ankle sprains 
while playing on artificial turf compared with 
natural grass [56], suggesting that injury profiles 
may vary according to the playing surface. A 
speculative underlying factor for these differ-
ences may be that the playing surface affects 
teams’ and/or players’ style of play. A perfor-
mance analysis study, comparing player move-
ment patterns and technical aspects of football, 
while playing on natural grass versus while play-
ing on artificial turf, found that fewer sliding 
tackles and more short passes were performed on 
artificial turf compared with natural grass [58].
As becomes apparent, the match-related fac-
tors affecting injury risk are highly multifactorial, 
with several potential confounding factors that are 
sometimes impossible to assess. For example, the 
association between pitch conditions, or playing 
surface, and injury risk has been difficult to deter-
mine, as several confounding factors, such as the 
weather or climatic conditions and the type of 
footwear used, all affect the interaction between 
the foot and the pitch [59, 60]. The climatic condi-
tions during a season also change with the chang-
ing seasons, as do accordingly the pitch conditions. 
It has been shown, for example, for hip and groin 
injuries, that their incidence in European male 
football is highest in March, October, and 
November, while it is lowest in May [61]. It would 
appear plausible to speculate, if the warmer 
weather in May could have a protective effect. 
However, teams also generally play fewer matches 
in the month of May, which might contribute 
more to the lower risk of hip and groin injuries 
during that period than the climate. Also ham-
string injuries have been found to peak during 
November and January [62]. However, consider-
ing hamstring injuries that occur during training 
only, they have been found to peak during the 
warmer months of July and August [62]. An 
UEFA injury study showed a two- to threefold 
increase in hamstring injuries during the competi-
tive season, compared with the preseason [2]. A 
study on ankle injuries in English professional 
football found a peak in the number of ankle inju-
ries during the three first months of the season 
(July, August, and September) [63]. Research on 
the effect of climatic conditions on football inju-
ries suggests that ankle sprains are more likely to 
occur in warmer weather [64]. Curiously, it has 
also been shown in American football that high 
temperatures lead to increased aggression [65]. 
An association between aggressive behavior and 
ankle injuries might also be speculated upon, as it 
has been shown that up to 40% of all ankle inju-
ries in football are caused by foul play [66]. In 
conclusion, match-related factors influence each 
other, and their relative importance in causing 
injuries or predisposing to them is sometimes 
impossible to determine.
Even though, up to date, the underlying rea-
sons remain unknown, there also appears to be 
some level of regional differences in injury inci-
dence between different countries or regions. A 
study on regional differences in European profes-
sional football found a significantly higher injury 
incidence in northern European teams in compari-
son with geographically more southern-based 
teams [67]. The regional categorization applied in 
the study was based on a climatic classification 
system. The same study found that, contrarily to 
the overall injury incidence, non-contact anterior 
cruciate ligament injuries were significantly more 
common in southern European teams compared 
with northern teams. In line with this, a UEFA 
Champions League study found significantly 
higher injury incidences among English and 
Dutch teams, compared with teams from Spain, 
France, and Italy [14]. A study on injuries in Asian 
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football tournaments found a higher injury inci-
dence in Asian football players compared with 
European football players, although the injury 
patterns were found to be similar [68]. These find-
ings may reflect different playing cultures, differ-
ent player attitudes, different climatic conditions, 
and probably many other factors that could, again, 
potentially influence each other. A study analyz-
ing differences in players’ performances between 
English Premier League players and Spanish La 
Liga players found that the English players 
sprinted more during matches than their Spanish 
colleagues [69]. Also, South American players 
have been found to cover lesser total distances 
during matches than English players [70]. 
Research combining performance analysis data 
and injury data would probably deepen our under-
standing into how these regional differences affect 
the risk of injury or the injury patterns.
Take-Home Message
Various match factors influence the injury risk 
during football match play, and the risk of suffer-
ing injuries during a match is not constant. How 
these factors interact with each other and what 
their relative importance in contributing to injury 
risk are remain largely unknown. Players predis-
posed to injuries due to previous injuries should 
take caution, at least during periods of the play-
ing season when the match schedule is dense and 
during match periods when the risk of injury is 
elevated. After coming back from injury, return- 
to- play recommendations must be followed. 
Avoiding playing in a state of a high level of 
fatigue may also be beneficial from an injury- 
preventive perspective.
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6.1  Introduction
It has become clear that the return-to-sport 
phase following athletic injury, or surgery for 
an injury, is associated with a significant psy-
chological response, which for some athletes 
may mean that they can never return to their 
sport [1]. Psychological recovery does not nec-
essarily accord with physical recovery [2]. 
Some athletes are physically recovered long 
before they are psychologically prepared to 
return to sport, or conversely some may prema-
turely return to competition before they are 
physically ready. Both scenarios have negative 
consequences. The role that psychological fac-
tors play for a significant injury, such as an 
anterior cruciate ligament (ACL) rupture, may 
be heightened because this injury has a long 
rehabilitation period and a level of uncertainty 
about whether the athlete will be able to return 
to their preinjury level of sport performance 
[3]. It is also recognised that there is a poor cor-
relation between objective knee function and 
return to sport following ACL reconstruction, 
suggesting that there are other factors involved 
[4–6]. This chapter will explore the role of psy-
chological factors in influencing return to sport 
with a specific focus on ACL injury and 
reconstruction.
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6.2  Psychological Impact 
of Athletic Injury
It is well demonstrated that athletic injuries may 
have profound psychological consequences. 
Injured athletes can experience mood distur-
bances, including anger and depression, and 
decreased self-worth [7–10]. Heightened nega-
tive emotions such as shock, frustration, tension 
and anger have been reported soon after an injury 
and also during recovery [11, 12]. The psycho-
logical response and impact of the injury may 
also be linked with athletic identity. For example, 
competitive athletes have been found to exhibit 
greater mood disturbances than recreational ath-
letes [11]. Similarly, professional athletes who 
had severe and potentially career-ending injuries 
had stronger negative psychological responses 
compared to athletes who viewed their injury as 
minor [13]. Furthermore, college athletes who 
had their athletic careers terminated due to injury 
were found to report lower life satisfaction com-
pared to athletes who did not sustain career- 
ending sporting injuries [14]. The athlete’s 
psychological response may continue long after 
the injury has occurred, and the chain of psycho-
logical sequelae can therefore have an effect on 
rehabilitation and return-to-sport outcomes.
6.3  Theoretical Perspective
Returning to sport after injury is influenced both 
directly and indirectly by a range of physical, 
psychological and social/contextual factors [1, 
15–17] (Fig. 6.1). Biopsychosocial models have 
therefore been proposed to conceptualise the 
myriad and complex interactions between these 
factors [19, 20]. In such models, psychological 
factors play a mediating role on physical (e.g. 
pain), contextual (e.g. recovery expectations) and 
functional performance (e.g. motor control) fac-
tors and ultimately on return to sport. Injury char-
acteristics and sociodemographic factors (such as 
age and sex) have an indirect influence on return 
to sport via their influence on psychological, 
physical or social/contextual factors. An attrac-
tion of the biopsychosocial model is that there are 
clear pathways between psychological factors 
and outcome as well as the potential for psycho-
logical factors to influence return to sport via a 
number of different pathways [21]. The central 
role played by psychological factors in the bio-
psychosocial model highlights the importance of 
addressing psychological factors in the manage-
ment of ACL injury.
6.4  Psychological Aspects 
Related to Recovery 
Following ACL 
Reconstruction
Psychological responses are prominent follow-
ing ACL injury and surgery as well as during 
recovery and can affect the progression through 
rehabilitation [22, 23]. The psychological 
responses and emotions associated with an 
injury do however change over time. Whilst a 
negative emotional response is typically reported 
immediately following injury, negative emotions 
tend to subside during rehabilitation with studies 
showing improvement over time [9, 24, 25]. 
However, some studies show that negative emo-
tions re- emerge once the athlete is cleared to 
return to sport. For example, Morrey et al. [11] 
described a U-shaped emotional response fol-
lowing ACL injury with negative peaks immedi-
ately following injury and at the time of clearance 
for return to sport (6 months post-reconstruction 
surgery).
Two psychological factors which have been 
shown to contribute to patient outcomes follow-
ing ACL reconstruction are self-efficacy and 
locus of control [25–27]. Self-efficacy is the 
belief in one’s ability to succeed in a particular 
situation. Self-efficacy has been found to signifi-
cantly improve as athletes recover from injury. 
In addition, improved outcomes and patient sat-
isfaction have been associated with higher levels 
of self-efficacy. Using the Knee Self-Efficacy 
Scale, Thomeé and colleagues [28, 29] showed 
that higher levels of self-efficacy were positively 
associated with higher levels of activity follow-
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ing ACL reconstruction. In a follow-up study by 
the same authors, preoperative self-efficacy was 
found to predict postoperative physical activity 
and return to sport [27]. Overall, there is con-
vincing evidence that self-efficacy can play a 
pivotal role in successful rehabilitation and 
return to sport.
The second factor is locus of control, and 
this may contribute to an athlete’s sense of self- 
efficacy. Locus of control refers to having the 
belief that there is a relationship between 
actions and outcomes (i.e. feeling that you have 
control). Athletes who have a high internal 
locus of control score higher on subjective out-
comes following ACL reconstruction as well as 
reporting greater overall knee function [26]. 
Locus of control has also been shown to be a 
predictor of returning to sport at 12 months 
after surgery [30].
Injury characteristics








Joint range of movement 
Motivation
Self-efficacy
Fear of new injury








Fig. 6.1 Adapted biopsychosocial model for return to sport after injury (Reproduced from Ardern et al. [18])
Fact Box 1
• The psychological response to injury 
changes over time, and negative emo-
tions can emerge once the athlete is 
cleared to return to sport.
• Self-efficacy and locus of control play a 
pivotal role in both the success of reha-
bilitation and return to sport.
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6.5  Psychological Factors 
Influencing Return to Sport 
from ACL Reconstruction
Athletes undergoing ACL reconstruction typi-
cally expect to be able to return to their preinjury 
sport. Whilst surgery addresses impairments in 
knee function, one in every three athletes do not 
make the transition back to sport after surgery, 
and psychological responses have been identified 
as a potentially modifiable factor associated with 
returning or not returning to the preinjury level of 
sport [3, 5, 16, 17]. Athletes who feel they have a 
greater level of control over their return to sport 
have greater confidence in their body, and those 
who feel more socially connected to their team-
mates are more likely to return to their previous 
sport [1, 18]. Higher levels of motivation during 
rehabilitation have also recently been shown to 
be associated with higher rates of return to prein-
jury sport following ACL reconstruction [31]. 
Two commonly discussed psychological factors 
in terms of returning to sport are ‘fear of reinjury’ 
and ‘psychological readiness’.
6.5.1  Fear of Reinjury
Fear of reinjury may affect an athlete’s ability to 
return to their previous sport and may also affect 
the quality of their performance. Using the Tampa 
Scale of Kinesiophobia, Kvist et al. [32] identi-
fied fear of reinjury as a significant factor in 
patients who did not return to their previous level 
of activity after ACL reconstruction. This finding 
has been supported and quantified by numerous 
subsequent studies with some showing that up to 
50% [33] of athletes who do not return to sport 
cite fear of reinjury as the reason. Restriction of 
sporting activity due to fear of reinjury has also 
been reported [34].
However, exactly what constitutes fear of rein-
jury is unclear. It may be fear of the pain of injury 
itself, fear of the implications for time off work and 
the related loss of income, fear of not being able to 
return to the previous level of function or any com-
bination of these. In a recent qualitative study, Ross 
et al. [35] interviewed patients who reported fear of 
reinjury as the sole reason for not returning to their 
preinjury sport to better understand factors that 
inform athletes’ experience of fear following ACL 
reconstruction. Results showed that undergoing 
surgery with a long recovery and restricted func-
tional capacity was one of the main factors which 
informed fear of reinjury. The nature of the prein-
jury sport also informed fear of reinjury. 
Specifically, once injured, many athletes reported 
having an increased awareness of how the move-
ment pattern associated with the injury, such as piv-
oting, was common in their sport. Personality traits 
and social priorities (i.e. educational commitments) 
were also found to inform fear of reinjury.
It is interesting to consider the context in 
which the term fear of reinjury is used and 
whether it is an appropriate term. In the ACL lit-
erature specifically, fear of reinjury is most com-
monly used in the context of cessation of sport 
after ACL reconstruction. Walker et al. [36] have 
however suggested that ‘reinjury anxiety’ may be 
more appropriate to describe the emotional 
response of the athlete as fear is a biological 
mechanism which is stimulus specific and is 
associated with definite danger, whereas anxiety 
is associated with anticipation or uncertainty.
Ardern et al. [37] investigated whether fear of 
reinjury was still a consideration in athletes who 
made a successful return to sport after ACL recon-
struction surgery. A cohort of 209 athletes 
answered a series of questions regarding the 
behavioural manifestations of fear, such as playing 
with hesitation and being wary of injury- provoking 
situations. The results showed that athletes who 
had successfully returned to their preinjury sport 
generally participated without fear of reinjury. 
Males who had earlier surgery (<3 months after 
injury) were found to participate in the preinjury 
sport with the least amount of fear.
6.5.2  Psychological Readiness
In a recent qualitative study, psychological readi-
ness to return to sport was suggested to comprise 
three key aspects: confidence in returning to 
sport, realistic expectations of sporting capability 
and motivation to regain preinjury performance 
standards [38]. Confidence was specifically influ-
enced by the athlete’s belief in their rehabilitation 
K.E. Webster and J.A. Feller
pieter.orthopedie@gmail.com
77
programme and their perception that their injury 
was completely healed and therefore no longer at 
risk of being reinjured. The belief in being able to 
perform at the same preinjury level was also 
associated with increased psychological readi-
ness to return [38, 39].
That psychological readiness is important in 
determining return-to-sport decisions was high-
lighted by Ardern et al. [30, 40]. Although multi-
factorial, psychological readiness is largely 
influenced by an athlete’s emotions and confidence 
[18]. Confidence is thought to be derived from two 
elements: confidence in the injured body part and 
confidence in the ability to perform well [41, 42]. 
Developing confidence in both these aspects may 
provide a buffer from injury- related fear and anxi-
ety, resulting in the athlete being in a ‘psychologi-
cally ready’ state to resume sport participation. In 
line with this, a recent systematic review con-
cluded that an athlete’s psychological readiness to 
return to play is a combination of the lack of fear 
and anxiety and confidence in performing well and 
remaining uninjured [43].
There are several measures available to help 
assess psychological readiness to return to sport 
(Table 6.1). The Anterior Cruciate Ligament 
Return to Sport After Injury (ACL-RSI) scale 
[39] was developed as a tool to specifically mea-
sure psychological readiness to return to sport 
after ACL reconstruction and will thus be the 
focus of the following section.
6.6  The Anterior Cruciate 
Ligament Return to Sport 
After Injury (ACL-RSI) Scale
Items in the ACL-RSI scale are centred on 
three psychological factors associated with 
returning to sport: emotions, confidence and 
risk appraisal (see Table 6.2). The emotions 
category includes five items regarding fear of 
reinjury, frustration, nervousness and tension 
as these are commonly reported emotions 
experienced by athletes during rehabilitation 
and the commencement of sport.
In the sports setting, confidence typically 
refers to the amount of confidence the athlete 
has in their ability to perform well at their 
sport. However, in the case of ACL reconstruc-
tion, it also relates to the amount of confidence 
the athlete has in their knee function. Five 
items in the ACL-RSI scale therefore cover 
both these aspects of sport confidence. Three 
(items 6–8) target the athlete’s confidence in 
their knee function, and two (items 9 and 10) 
measure the athlete’s confidence in their over-
all ability to perform well at their sport. Two 
further items are included in the scale to inves-
tigate the cognitive risk appraisal of the athlete 
to reinjury.
Table 6.1 Questionnaires and inventories that can be 
used to assess psychological readiness to return to sport
Name Abbreviation
Injury-Psychological Readiness to 
Return to Sport Scale [44]
I-PRRS
Reinjury Anxiety Inventory [36] RIAI
Knee Self-Efficacy Scale [29] KSES
Tampa Scale of Kinesiophobia [45] TSK
Anterior Cruciate Ligament Return to 
Sport After Injury scale [39]
ACL-RSIFact Box 2
• An athlete’s belief in their rehabilitation 
programme influences return-to-sport 
confidence.
• Psychological readiness to return to 
sport is related to an athlete’s perceived 
ability to perform at their preinjury level 
of sport.
Fact Box 3
• Fear of reinjury is one of the most com-
mon reasons cited by athletes who do 
not return to their preinjury sport fol-
lowing ACL reconstruction surgery.
• Psychological readiness to return to 
sport is related to confidence, realistic 
expectations and motivation.
• Psychological readiness has been shown 
to have a strong association with return 
to sport after ACL reconstruction.
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In the development phase, the psychometric 
properties of the ACL-RSI scale were evaluated 
in a cohort of 220 athletes who had undergone 
ACL reconstruction between 8 and 22 months 
(mean = 12 months) prior to completing the 
scale [39]. The scale was found to have high 
internal consistency (Cronbach’s alpha = 0.96), 
and principal component analysis confirmed the 
presence of one underlying factor that accounted 
for 67.8% of the total variance. Scores for the 12 
items are therefore summed and averaged to 
provide a single score for the scale (from 0 to 
100 with higher scores indicating a more posi-
tive psychological response). It is important to 
note that although the scale was designed around 
three constructs, these constructs were all highly 
related, and the scale is therefore considered 
unidimensional. As validation of the scale, ath-
letes who had returned to full competition were 
found to score significantly higher than athletes 
who had given up sport and athletes who had not 
recommenced sport but were still planning to 
return [39].
6.6.1  ACL-RSI Predictive Value 
and Clinical Use
Given the impact of psychological factors on ath-
letes during rehabilitation and return to sport, it is 
potentially useful to be able to predict which ath-
letes may benefit from psychological counselling 
or intervention so that psychological recovery 
can occur in parallel with physical recovery. It is 
therefore relevant to know whether the psycho-
logical responses athletes experience during the 
rehabilitation period are related to sport 
resumption.
Two large-scale studies have been conducted 
which show that the ACL-RSI scale can be used 
to predict return-to-sport outcomes. The first 
enrolled 100 athletes who completed the ACL- 
RSI at 3, 6 and 12 months after undergoing ACL 
reconstruction surgery [24]. At 12 months, 51% 
of the athletes had returned to competitive sports. 
Scores on the ACL-RSI at 6 months were signifi-
cantly lower in the athletes who did not return to 
competition sport at 12 months compared to the 
Table 6.2 ACL-RSI items
Scale item Order in scale
Emotions 1.  Are you nervous about playing your sport? 3
2.  Do you find it frustrating to have to consider your knee with respect to your 
sport?a
6
3.  Do you feel relaxed about playing your sport?b 12
4.  Are you fearful of reinjuring your knee by playing your sport? 7
5.  Are you afraid of accidentally injuring your knee by playing your sport? 9
Confidence 6.  Are you confident that your knee will not give way by playing your sport? 4
7.  Are you confident that you could play your sport without concern for your 
knee?
5
8.  Are you confident about your knee holding up under pressure? 8
9.  Are you confident that you can perform at your previous level of sport 
participation?
1
10.  Are you confident about your ability to perform well at your sport? 11
Risk Appraisal 11.  Do you think you are likely to reinjure your knee by participating in your 
sport?
2
12.  Do thoughts of having to go through surgery and rehabilitation again prevent 
you from playing your sport?
10
aItem 2 was from the Quality of Life Outcome Measure for Chronic ACL Deficiency (ACL-QOL) scale [46]
bItem 3 measures ‘tension’ with the positive antonym relaxed used to get a balance between positively and negatively 
worded items
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athletes who did. Therefore, an athlete’s readi-
ness to return to sport at 6 months post-ACL 
reconstruction surgery was related to whether or 
not they actually returned at 12 months and sug-
gested the possibility of identifying athletes at 
risk of not returning to competitive sport due to 
psychological reasons.
A second study of 187 patients completed a 
battery of psychological assessments, including 
the ACL-RSI scale, before ACL reconstruction 
surgery, as well as at 4 and 12 months after sur-
gery [30]. At 12 months, only 56 athletes (31%) 
had returned to their previous level of sports par-
ticipation, despite the majority (91%) having 
excellent physical recovery as demonstrated by 
an IKDC score of normal or nearly normal (cat-
egory A or B) and a hop test limb symmetry 
index of >85%. Three variables from the psycho-
logical assessments predicted returning to sport 
by 12 months after surgery: readiness to return to 
sport, the participant’s estimate of the number of 
months it would take to return to sport and locus 
of control. Psychological readiness, as assessed 
with the ACL-RSI scale, was the only measure 
that was predictive of return to sport both preop-
eratively and at 4 months postoperatively. The 
significance of this finding is that psychological 
readiness appears to be associated with return to 
sport even before the athlete undergoes surgery, 
and this should be taken into account during all 
stages of the rehabilitation. The above cohort 
was subsequently reviewed at 2 years to specifi-
cally see whether those who had not returned by 
12 months made a later return [47]. Once again, 
a more positive psychological response or 
greater psychological readiness was associated 
with participation in the preinjury sport at 2 
years.
The factors that contribute to an athlete’s psy-
chological readiness have not yet been clearly 
elucidated. Unpublished work from our group 
analysed a cohort of athletes who underwent 
ACL reconstruction, had been cleared to return to 
sport and completed the ACL-RSI scale at 12 
months postoperatively. Results indicated that 
being male, having a higher frequency of prein-
jury sport participation, having a higher limb 
symmetry index on hop tests and having a higher 
self-rating of knee function were all associated 
with greater psychological readiness. It was con-
cluded that males who participate frequently in 
sport before ACL injury are more likely to have a 
positive psychological outlook during the return- 
to- sport phase after ACL reconstruction surgery. 
Conversely, females with lower levels of function 
(both self-reported and on physical testing) may 
have a more negative outlook and therefore ben-
efit from interventions designed to facilitate a 
smooth transition back to sport.
Work is still ongoing to determine what scores 
on the ACL-RSI mean clinically and what cut-off 
might be useful for categorising athletes as psy-
chologically ready to return or not. A cut-off 
score of 56 points on the ACL-RSI was initially 
reported, and it had good specificity (83%) and 
moderate sensitivity (58%) [30]. This cut-off was 
based on ACL-RSI scores at 4 months and return- 
Fact Box 4
• Psychological readiness to return to 
sport has been shown to predict subse-
quent return to sport.
• Psychological readiness may also iden-
tify athletes at risk of not returning to 
sport.
Fact Box 5
• Males who participate in sport on a fre-
quent basis before ACL injury have a 
high level of psychological readiness to 
return to sport.
• Psychological readiness to return to 
sport is low in females with low levels 
of physical function, and, as such, this 
group may benefit from psychological 
intervention.
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to- sport status at 12 months post-surgery. A fur-
ther study prospectively followed 40 athletes and 
reported a cut-off score of 51 points based on 
6-month measures, with moderate specificity 
(0.63) and high sensitivity (0.97) [48].
Overall, it is reasonable to suggest that ath-
letes who score above the cut-off are highly likely 
to return to sport, whereas there is less certainty 
about those who score less than the cut-off. This 
is not unexpected as there will always be athletes 
who score low on psychological readiness and 
yet still return to sport for a variety of reasons, 
including pressure from outside sources. It is also 
reasonable to expect that athletes would have 
some level of anxiety and fear as a normal 
response when contemplating a return to sport. 
Indeed a degree of caution may be protective if it 
means that an athlete does not prematurely or 
recklessly resume sport without full consider-
ation of the function of their knee [18]. The clini-
cal utility of a cut-off score is that it provides 
clinicians with a means to identify which athlete 
groups may struggle to return to sport from a psy-
chological perspective. This is important given 
the typically limited resources available for psy-
chological assistance during recovery from 
injury. There remains a need for data which 
explores associations between psychological 
readiness and level of performance on return to 
sport.
In a busy clinical environment, a short version 
of the ACL-RSI for rapid administration may be 
desirable. The ACL-RSI scale was therefore 
administered to 535 athletes 12 months after 
undergoing ACL reconstruction. The scale was 
found to have high internal consistency 
(Cronbach’s alpha = 0.96) suggesting the pres-
ence of item redundancy. After a selection pro-
cess, the scale was reduced to six items (items 1, 
2, 4, 7, 9 and 11 in Table 6.2). Scores for the short 
version were found to be similar to the full ver-
sion for athletes at various stages in the return to 
sport (Fig. 6.2), and a cut-off of 60 points was 
established from a 6-month data in a further sam-
ple of 250 patients (unpublished data). 
Interestingly, the short version ACL-RSI is less 
knee specific and has therefore been modified for 
use with shoulder, hip and Achilles tendon inju-
ries. Copies of these scales are available from the 
corresponding author.
Overall the ACL-RSI scale appears to be a 
useful tool for assessing psychological readiness 
to return to sport after ACL reconstruction and 
may be useful for identifying athletes who may 
have difficulty with the resumption of sport after 
ACL injury due to psychological reasons. The 
scale had been translated from English to Swedish 
[49], French [50], German [51], Dutch [52] and 
Turkish [53] versions, with other translations cur-
rently underway.
 Conclusions
For many athletes, ACL rupture and subse-
quent reconstruction surgery have a significant 
psychological impact. This can occur not only 
at the time of injury but also throughout reha-
bilitation, which can in turn negatively affect 
recovery. From a psychological perspective, 
the return-to- sport phase can be particularly 
challenging. Negative emotions and fears can 
Fact Box 6
• ACL-RSI scores, measured both before 
and after ACL reconstruction surgery, 
have been strongly associated with 
return to sport.
• Factors that contribute to higher ACL- 
RSI scores include being male, frequent 
participation in sport and higher self- 
rating of knee function and limb 
symmetry.
• Scores on the ACL-RSI scale may help 
clinicians identify athletes at risk of not 
returning to sport.
Fact Box 7
• The ACL-RSI scale had been translated 
from English into many languages 
including Swedish, French, German, 
Dutch and Turkish.
• Further translations of the ACL-RSI are 
currently underway.
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be heightened once an athlete is cleared to 
return to sport, and many athletes report fear of 
reinjury as the primary reason for not return-
ing. Most of the psychological factors dis-
cussed in this chapter are potentially modifiable 
and should therefore be considered during 
rehabilitation in order to improve return-to-
sport rates and the return-to- sport experience 
for athletes. This could be enabled by identify-
ing at-risk athletes with the use of tools 
designed to assess psychological readiness, 
such as the ACL-RSI scale.
Take-Home Message 
Psychological factors play a significant and con-
tinual role in the sequence of ACL injury and recon-
struction, rehabilitation and return to sport. 
Psychological factors are potentially modifiable and 
should therefore be considered during the rehabili-
tation phase. The athlete’s psychological readiness 
to return to sport is strongly associated with their 
decision whether or not to return and can be mea-
sured by tools such as the ACL-RSI scale to aid 
clinical decision making.
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7.1  Introduction
It is almost a trivial statement that football is a 
complex sport with a considerable number of fac-
tors affecting performance. Some of them are 
“physiological” ones and summarised in this 
chapter. However, it should be acknowledged 
that factors like tactics, technique, team spirit, 
team organisation, fan support, private circum-
stances, etc. do affect performance on the pitch as 
well. In addition, such variables may influence at 
least the severity of health impairments when 
they are present (if not act as triggers for their 
occurrence).
In turn, each illness, injury or other health 
impairment theoretically can impact on perfor-
mance. This may either be due to performance- 
related functions being impaired or due to the 
sheer presence of inconvenient symptoms. This 
is, of course, the less important aspect when con-
sidering player eligibility with disease. Much 
more relevant are possible consequences from 
playing (or training) football when diseased. 
Most prominent because potentially deadly are 
cardiac diseases. Usually, they interfere with suf-
ficient cardiac performance to enable playing 
football. However, unfortunately there are sev-
eral entities which can stay undiscovered whilst 
being dangerous, among them chronic myocardi-
tis, hypertrophic cardiomyopathy and anomalies 
of the coronary arteries or the cardiac conduction 
system.
7.2  Cardiorespiratory System
Due to its interval character with episodes of 
high-intensity activity interspersed by less 
intense periods, playing football typically 
leads to repeated activation of the sympathetic 
nervous system and, thus, high levels of cate-
cholamines in the blood. Among other altera-
tions, this leads to the well-known fluctuations 
T. Meyer (*) • R. Julian • C. Thompson 
Institute of Sports and Preventive Medicine,  





of heart rate (HR) with considerable amounts 
of match time spent above 85% HRmax, and 
average HR is usually situated around 75–80% 
HRmax. These figures seem to be widely inde-
pendent from age or gender of the players [1]. 
Of course, also blood pressure goes up due to 
an increased cardiac output and elevated total 
peripheral resistance both being a result of the 
increased sympathetic tone. Consequently, 
there is considerable volume and pressure 
work for the cardiac muscle during football 
match play.
This in turn leads to large stress on the coro-
nary arteries because under such circumstances 
the myocardium has high oxygen demands 
which cannot be satisfied by enlarging the arte-
riovenous oxygen difference which is already 
close to maximal under low-intensity work con-
ditions. Therefore, it is necessary to accomplish 
maximal dilatation of the coronary arteries to 
make up for the oxygen demands. It is, thus, 
understandable that atherosclerosis in these ves-
sels can quickly lead to performance limitation 
(due to limited cardiac output) or even arrhyth-
mias (due to suboptimal oxygen delivery to car-
diomyocytes). At the same time, high 
concentrations of catecholamines may exert 
their arrhythmogenic effects which can further 
elevate the danger for individuals at risk—those 
with pre-existing cardiac diseases. This is the 
main reason why precompetition medical 
assessments (PCMAs) are considered important 
by most national and international football 
authorities and federations.
Mainly due to its endurance component, foot-
ball may lead to some training-related (“chronic”) 
adaptations of the heart, less so for the respira-
tory system. However, there is no “footballer’s 
heart” or any other football-specific finding in 
cardiocirculatory examinations [2, 3]. Cardiac 
changes roughly follow the players’ endurance 
capacity, and the relationship between cardiac 
size and ergometric capacity is sometimes even 
used to assess a possible pathological basis of 
heart enlargement.
Although vital capacity and lung volume of 
football players are slightly higher than those of the 
age-, gender- and anthropometry-matched popula-
tion, this hardly reflects specific adaptations. Part 
of it may even be due to selection. Anatomical 
restrictions (rib cage, abdominal organs) by far pre-
vent dimensional changes of the lungs. However, 
there may be tiny improvements in respiratory 
function due to regular football training and com-
petition. Usually, at no time even during intense 
football do the lungs of a healthy player reach their 
functional or anatomical limits. Only pathological 
impairments like allergic asthma or infectious dis-
eases may lead to the respiratory system being the 
limiting component for a football player. In such 
cases, appropriate treatment (asthma) or rest (infec-
tions) should restore full lung function.
Fact Box 1
• Independent from the league or the 
degree of professionalism, playing foot-
ball leads to considerable activation of 
the sympathetic system and, conse-
quently, to maximal cardiocirculatory 
responses.
• Such cardiocirculatory stress is part of 
the training stimulus that football deliv-
ers but at the same time constitutes an 
inherent risk for players with cardiac 
conditions. For this reason, it is advis-
able to ensure appropriate health when 
competing as a football player.
• Adaptations of the cardiovascular sys-
tem are mainly elicited due to the endur-
ance component of football. An 
“athlete’s heart” can only be expected in 
the most endurant players.
• The lung is hardly a limiting factor dur-
ing football play. This may happen only 
in players with respiratory disease and 
should be promptly and appropriately 
treated.
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7.3  Hormonal System
Like for the cardiorespiratory system, there are 
no football-specific adaptations in the hormonal 
system. Acutely, the typical ensemble of hor-
mones can be found which accompanies intense 
physical exercise mainly regulating metabolism 
and fluid balance. This means that particularly 
catecholamines (for the short-term maintenance 
of blood glucose) and cortisol (for the long-term 
effect) concentrations in the blood are increased 
with growth hormone and glucagon having a 
smaller effect of that kind. Physiological distur-
bances of the fluid balance (mainly due to losses 
by sweating and respiration) are usually a bit 
delayed compared to the immediate metabolic 
needs of football match play. Aldosterone and—
less pronounced—antidiuretic hormone (ADH) 
reduce the amount of urine production and, thus, 
save the organism from dehydrating too quickly. 
All other hormones do not play major roles in the 
acute exercise reaction during football training or 
competition.
It follows that diseases of the hormonal sys-
tem can, of course, affect football performance 
when these regulatory circuits are impaired and 
not treated appropriately. The most common one 
is diabetes mellitus which influences glucose 
delivery and metabolism and usually needs insu-
lin therapy in young players. However, it is estab-
lished that a well-controlled diabetes does not 
necessarily interfere even with participation in 
the highest levels of football. The main problem 
in football players is the adequate adaptation, i. e. 
lowering of insulin dosage prior to football activ-
ity. Note that insulin is a very anabolic hormone 
and, thus, on the list of forbidden substances 
(“doping list”). Therefore, application for a ther-
apeutic use exemption (TUE, at the responsible 
doping control institution) is necessary when 
competitive football players are treated; usually 
there is no problem to get a TUE with normal 
documentation of diabetes diagnostics, of course.
Dysregulation of the catecholamines, cortisol 
(Cushing’s and Addison’s disease) or aldoste-
rone (e.g. Conn’s disease) is less frequent and 
typically not compatible with competitive foot-
ball. Although thyroid hormones are not part of 
the immediate hormone response to exercise, 
hypo- and hyperthyroidism are to be mentioned 
because they are frequent and alter the basal 
metabolism of an affected player. Because of 
typical complaints like weakness/fatigue and 
weight changes, there is usually a need for 
appropriate therapy when football play is 
intended.
Fortunately, chronic football exposure does 
not lead to pathological dysregulation of hor-
monal circuits. However, there is some specula-
tion that overload and overtraining syndrome 
can be related to an imbalance of anabolic (tes-
tosterone, insulin, growth hormone) and cata-
bolic (particularly cortisol) hormones [4, 5]. 
However, so far there is no convincing evidence 
for this assumption. Also, trials to utilise con-
centrations of these hormones in the blood for 
diagnosing such fatigue syndromes have not 
been successful. Altogether, with the given low 
prevalence of overload syndromes under the 
specific circumstances of elite football, ana-
bolic-catabolic imbalances do not seem to con-
stitute a major problem for the medical care of 
players.
Effects of the menstrual cycle and sex hor-
mones on performance in females will be dis-
cussed in the respective subchapter.
7.4  Immune System 
and Infectious Diseases
It has been repeatedly claimed that periods of 
intense exercise (or particularly strenuous com-
petitive events like a marathon) may lead to 
temporary impairment of immune function and 
consecutive proneness to infectious diseases—
particularly ones of the upper respiratory sys-
tem. This theory has been named “open 
window” for infections [6]. Evidence, however, 
is mainly from laboratory measurements indi-
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cating that certain populations of lymphocytes 
(e.g. natural killer cells) are decreased shortly 
after exercise for a few hours. This downregula-
tion may support the entry for infectious agents 
and—after their multiplication—finally the 
establishment of clinically relevant disease. 
Also, it has been observed that in the first days 
after strenuous competitions or training camps, 
the frequency of infections goes up in partici-
pating athletes. More convincingly, the occur-
rence of infection proneness has recently been 
linked to travel needs and circumstances and 
shifts between time zones in Australian and 
South African rugby players [7]. Therefore, 
under the given circumstances in competitive 
football, i.e. hardly more than six training ses-
sions per week with a duration of <90 min on 
average, it is probably not the high physiologi-
cal load that may lead to an increased incidence 
of infectious diseases but rather the travelling 
requirements (and possibly obligations for 
sponsors and media). Nevertheless, for 
infection- prone individuals, preventive 
(hygiene) measures should be installed to main-
tain their health particularly during the autumn 
and winter months. This includes vaccinations, 
regular and thorough dental care as well as 
hand hygiene and consequent therapy for 
allergies.
In turn, infectious diseases can weaken the 
athlete and, thus, interfere with performance. 
This may happen due to the simple negative 
effects from infection-specific complaints and 
also due to mediators in the blood which lead to 
the typical “malaise” feeling. More importantly, 
possible affection of organs by infectious agents 
is a matter of great concern. Even though there 
are differences between viruses, bacteria and par-
asites in their likelihood to cause myocarditis (the 
most feared complication), there should be gen-
eral reluctance to let players train or compete 
when infected because we usually do not know 
what is the responsible infectious agent in the 
present disease. Finally, it is possible that infec-
tions may be a trigger for arrhythmia in pre- 
existing cardiac disease of other kind (like 
cardiomyopathies).
7.5  Musculoskeletal System 
and Metabolism
The acute energy requirements of football lead to 
not only immediate adaptations of the cardiocir-
culatory and respiratory system but similarly to 
metabolic reactions within the active tissue—the 
muscles. It can be assumed that about 1100–
1400 kcal are expended during a football match 
and around 800–900 kcal per typical training ses-
sion [8]. The majority of the “fuel” for energy 
requirements is represented by carbohydrates 
which may necessitate their partly substitution 
during the match and at halftime as well as its 
quick reconstitution within the first hours after 
cessation [9]. This also sheds light on the prob-
lematic (whilst currently frequent) habit to 
employ low-carb diets in competitive football 
players. Of course, fat metabolism also takes part 
in energy delivery over a whole match; however, 
its contribution can be considered minor. Muscle 
Fact Box 2
• There is no convincing evidence for an 
increased incidence of infections in reg-
ularly training football players—not 
even in the highest professional leagues.
• Of course, like in other disciplines and 
professions, there are certain individual 
football players in each team who are 
more prone to infections and need thor-
ough management including hygiene 
and other preventive measures.
• It is rather the stress from travelling and 
out-of-football obligations which leads 
to infection proneness than the physio-
logical load or hormonal consequences 
of football training and/or match play.
• Decisions about participation in training 
or match should be made carefully for 
infected football players because there 
is seldom sufficient information avail-
able about the responsible infectious 
agent and its virulence.
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work is mainly concentric although eccentric 
parts can also be involved—particularly during 
braking movements. However, this does only 
mildly affect energy pathways, i.e. primarily gly-
colysis and citric acid cycle/respiratory chain 
[10]. Those metabolic diseases which affect car-
bohydrate turnover are hardly compatible with 
competitive football.
Regular training and competition of football 
players lead to predictable adaptations in the mus-
cular system with hypertrophy of the calf, rectus 
femoris, adductor and hamstring muscles—par-
ticularly of their fast twitch fibres, of course. Also, 
football’s endurance component usually induces 
mitochondrial growth and increases in metabolic 
enzyme concentrations as well as improved capil-
larization. This process can be generally consid-
ered healthy, and no resulting health impairments 
or associated diseases are known. An overview of 
musculoskeletal and metabolic training effects as 
related to typical training contents can be obtained 
from Fig. 7.1.
7.6  Mental Health
Albeit single tragic cases of suicide or at least 
depressive episodes have been reported in high- 
level football players, there is no convincing evi-
dence that football itself leads to mental/
psychiatric disorders. However, with pre-existing 
disease or at least a predisposition for psychiatric 
pathology, real existing football may create situa-
tions and constellations that serve as triggers for 
the initiation of such disorders or their symp-
toms—particularly for depressive episodes. 
Critical constellations may arise from a combina-
tion of external pressure and vulnerable age (like 
in youth academies) as well as difficult team situ-
ations and individual standing within a team. 
Epidemiological studies with sound methodol-
ogy are completely lacking in this area. Of 
course, the presence of “active” psychiatric dis-
eases is detrimental to performance. This should 
become evident immediately when considering 
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Fig. 7.1 Overview of 
the impact of different 
types of physical loading 
on various fitness 
capacities. Full lines 
denote comprehensive 
effects and/or well- 
known relationships. 
Dotted lines denote 
smaller yet positive 
effects (adapted from 
Krustrup et al. [11])
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negative effect on performance may also lead to a 
selection of non-diseased individuals for football 
squads and, thus, an incidence of psychiatric dis-
eases possibly slightly below the population 
average.
Some psychological traits do not reach the sta-
tus of a disease but can nevertheless affect foot-
ball performance (and possibly be triggered by 
events on the pitch). As an (somewhat arbitrary) 
example, anxiety before performing in competi-
tive football is a common emotional trait in many 
players. However, it is difficult to measure the 
effects of anxiety on live match performance due 
to the multifaceted nature of the game, causing 
great difficulty in isolating one possible factor of 
performance decrement. Nevertheless, one per-
formance parameter that has been measured is 
the anxiety experienced during penalty shoot-
outs. Jordet et al. [12] found that whilst walking 
to the penalty spot from the halfway line, players 
report feelings of concentration disruption and 
loneliness, along with a fear and worry of goal-
keeper performance.
When analysing penalties taken in elite foot-
ball, it appears that a player is most likely to score 
when aiming at the two upper corners of the goal. 
Under anxiety though, players are prone to focus-
ing on the centralised goalkeeper rather than the 
more likely scoring zones, which causes lower 
shooting accuracy [13]. Remarkably, simply add-
ing a goalkeeper to a practice penalty shootout 
following previous penalty shooting practice 
towards an open goal resulted in a significant 
decline in penalty accuracy, with a greater num-
ber of centralised kicks [14]. The use of practice 
in focusing on the upper top corners of the goal 
before penalty completion resulted in greater 
shooting accuracy compared to a control group 
who received no coaching advice [15]. 
Confidence is a critical factor in penalty comple-
tion, as found in a study by Wood and Wilson 
[15], where players with higher perceptions of 
self-control completed a greater amount of accu-
rate penalty kicks compared to low self-control 
individuals. Coaches should, thus, motivate their 
players and try to reduce stress and pressure 
before taking a penalty. Future research is 
required to understand the transfer of practice 
and coaching methods on penalty conversion in a 
competitive setting.
Alongside skill performance, anxiety has a 
negative impact on other parameters in football. 
In youth football, a large fear of failure is present 
among football players. The consequences of this 
fear of failure have been perceived by elite youth 
players to be interpersonal and intrapersonal and 
can have a great impact on football performance 
and relationships with other people [16]. These 
players who are not fully matured typically have 
poor coping strategies to these emotions and lack 
the necessary strategies to overcome such adver-
sity. The stressors which cause a fear of failure/
incompetence appear to differ among age catego-
ries [17]. Early adolescent (aged 12–14) players 
have reported greater stressors over family pres-
sure to succeed, whilst middle adolescents (aged 
15–18) face further anxiety due to physical 
demands of football, contractual issues and the 
pressure of playing at a higher level. Such experi-
ences of anxiety must be shared with family 
members and/or coaching staff to allow the use of 
interventions (e.g. cognitive behaviour therapy) 
to increase mental well- being and therefore foot-
ball performance.
The demands of football training and match 
play are well understood to be physically demand-
ing [18]. However, the media commitments and 
large intake of tactical information from coaches 
along with the fixture congestion are just some of 
the factors which could induce a psychological 
exertion. An overload of stress to the prefrontal 
cortex, the brain region responsible for high-order 
cognitive function [19], could potentially impair 
both psychological and physical determinants of 
football performance. With this in mind, research 
is now being conducted to understand the effects 
of mental fatigue on physical performance and 
technical/skill performance.
Mental fatigue can be characterised as a subjec-
tive state of cognitive exertion experienced by 
exposure to prolonged periods of cognitive activ-
ity [20]. Feelings of tiredness and a reduction in 
energy are typically associated with mental fatigue 
[21]. Furthermore, this exertion can lead to a 
reduction in attention [22], task planning [23], 
reaction times [24], plus monitoring performance 
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and slower adjustments in performance after 
errors [25]. It has been found that acutely induced 
mental fatigue has a detrimental effect on inter-
mittent running [26], skill performance [27], deci-
sion making [28] and match play performance in 
small-sided games [29]. Although the early 
research in mental fatigue is promising, the meth-
odology used (i.e. use of the Stroop test to induce 
subjective feelings of mental fatigue) does not 
accurately reflect the mental fatigue that may be 
experienced in reality. Future research should aim 
to understand the true causes of mental fatigue 
and whether mental fatigue is a short- and/or 
long-term psychological state.
7.7  Specific Aspects in Women’s 
Football
On the surface, game characteristics and demands 
may appear similar across genders. Unsurprisingly, 
there are physical, physiological and biological 
differences between males and females, which 
cause inherent limitations that affect the pace and 
total work output in the women’s game. Due to 
exercise and these biological and physiological 
factors, risks for health problems such as the 
female athlete triad (low energy availability/eat-
ing disorders, menstrual dysfunction, and low 
body density/osteoporosis), iron deficiency and 
anaemia may affect some female footballers. 
Furthermore, the effects of the change in hor-
mones, due to the menstrual cycle, have the poten-
tial to alter performance and inhibit maximal 
activity. However, data from Scandinavia seem to 
indicate that the size of the problem is not that big 
in female football players (Table 7.1).
The hypothalamus, which regulates the levels 
and secretion of hormones throughout the men-
strual cycle, can be affected by external stimuli, 
for example, high volumes of exercise. It has been 
well highlighted that women who encounter high 
training loads are exposed to a greater risk of dis-
ruptions to the normal menstrual cycle. 
Furthermore, it has been previously reported that 
menstrual dysfunction occurs in a variable per-
centage of women who are engaged in physical 
activity [30–32]. Menstrual dysfunction in ath-
letes has been characterised by significant 
decreases in reproductive hormones, specifically 
oestrogen, and the disruption of a regularly occur-
ring menstrual cycle. However, it is less com-
monly observed in the footballing population, 
potentially due to having less strenuous training 
programmes than those of other (endurance) dis-
ciplines. Also, a lower dependency on “leanness” 
in football may be advantageous in this regard. 
Therefore, a higher percentage of players with 
“normal” body composition and energy intake 
may be apparent within football compared to 
other sports [33] (Table 7.1). However, for those 
players who encounter such disturbances, health 
consequences can arise from the hormonal deficit. 
For example, supressed levels of oestrogen can 
heavily affect bone health through the loss of 
bone mineral density, as oestrogen is well-known 
Table 7.1 Characteristics of the total population of athletes [33]
Mean (SD) Football (n = 69) Handball (n = 60) Endurance (n = 115) Controls (n = 607)
Age (years) 19.6 (4.1) 19.9 (3.1) 22.3 (6.3) 27.3 (7.9)
BMI (kg/m2) 21.5 (1.6) 22.5 (2.0) 20.5 (1.8) 23.3 (4.2)
Training (h/week) 12.3 (3.7) 15.8 (4.2) 13.1 (4.5) –
Eating disordersa 5.9%b 22.4% 25.7% 21.1%
Current use of contraceptives 35.8% 43.9% 38.2% 27.8%
Current menstrual 
dysfunctionc
9.3% 18.8% 27.9% 15.2%
Stress fractures 13.6% 23.2% 13.4% 12.4%
Characteristics of the total population of athletes representing football, handball and endurance sports participating in 
the large screening study. BMI body mass index
aSelf-reported
bFootball significantly different from the other groups (p < 0.05)
cOral contraceptives were excluded
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to modulate bone growth and turnover. 
Furthermore, research has indicated a greater 
incidence of injuries and stress fractures among 
amenorrheic (absence of menstruation) and oligo-
menorrhoeic (infrequent menstruation) athletes 
compared to their eumenorrheic (normal men-
strual cycle) counterparts [34]. Apart from the 
physical, the stresses of personal life and competi-
tion have also been associated with the distur-
bance of the hypothalamic-pituitary- gonadal axis 
which is known to regulate the menstrual cycle 
and hormonal secretion [35].
The fluctuating hormones of the menstrual cycle 
regulate many physiological processes, which are 
key for reproduction. However, these hormones, 
which rise and fall throughout this cycle, have been 
attributed to various alterations in common physio-
logical processes. Adapted from Lebrun et al. [36], 
(Fig. 7.2) illustrates all the aspects of athletic perfor-
mance, which may become affected by these fluc-
tuations. Currently, much of the research has 
investigated the effects on endurance-based exer-
cise with very limited research on the effects on 
team sport activity. However, recently unpublished 
data investigating the effects of the different phases 
of the menstrual cycle on football-specific perfor-
mance, suggested that in a cohort of five elite teams 
from the two highest leagues in Germany, there was 
no clear relationship between cycle phase and a 
change in performance. The authors attributed the 
findings to the multifaceted and variable nature of 
competitive football (Julian et al., unpublished 
observation). There is evidence that the female foot-
baller is more susceptible to technical errors in the 
pre- menses phase (~5–11 days before menses), 
which has been reflected in the incidence of injuries 
in Swedish players [37]. Finally, regarding injury, 
tissue qualities such as ligament laxity may be 
affected by oestradiol concentration (most common 
oestrogen type). A reduction of 17% was observed 
in knee stiffness at ovulation and said to be associ-
ated with knee laxity [38]. Such changes have not 
been observed in other tissues such as the gastroc-
nemius, patellar tendon or Achilles tendon, poten-
tially contributing to the larger rates of ACL injury 
incidence in female footballers.
To match the physical demands of football, 
maintaining an energy balance that equals the 
energetic cost of training and match play is essen-
tial for good health. Lowered energy availability 
has been shown to be a contributor to the female 
athlete triad [39]. When energy expenditure 
exceeds energy intake, this increases the risk of 
subsequent metabolic, reproductive and bone- 
related health consequences. Alarmingly, previous 
studies indicated that energy expenditure was 
greater than energy intake in some female players 
[33]. Therefore, energy balance should be moni-
tored and dealt with individually. Furthermore, 






































Fig. 7.2 Components of 
physical performance that 
may be affected by 
menstrual cycle fluctua-
tions in endogenous 
hormones [36]
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mineral density (BMD). If the menstrual cycle is 
dysfunctional, this has the potential to lead to 
reductions in BMD [33, 40, 41]. Reduced BMD 
does not inevitably have an instant physical 
impact. Elite footballers, if not ensuring correct 
nutrition or focussing on their menstrual cycles, 
may experience bone loss, which can lead to debil-
itating disorders such as osteoporosis at latter 
stages in life. Interestingly, it has been suggested 
that elite female soccer players are more suscepti-
ble to stress fractures despite having normal BMI, 
which could be linked to menstrual dysfunction 
also observed in this study [42].
Regular intense exercise is often associated 
with low iron stores; iron has been recognised to 
be particularly important in the oxygen-carrying 
capacity of an individual, and deficiencies may 
therefore compromise aerobic capacity [43]. The 
female athlete has been documented to be at 
greater risk of decreased iron status than their 
male counterparts; this has been heavily linked to 
dietary intake (lower meat intake in women) and 
menstrual losses as well as iron losses through 
sweat. Research investigating female footballers 
and their iron status is not highly prevalent within 
the scientific literature. In a recent study, of the 
players investigated, 57% were iron deficient and 
29% had iron deficiency anaemia [44]. Continued 
high-level performance in football requires a 
myriad of attributes; however, several studies 
show that a better maximum aerobic capacity 
(VO2max) improves soccer performance, mea-
sured as distance covered by a player during a 
game, as well as involvements with the ball [45]. 
Therefore, this high prevalence of iron deficiency 
may affect overall performance of the female 
footballer, and hence regular and continued mon-
itoring of iron status is recommended throughout 
the season.
7.8  Summary
A football team physician needs thorough knowl-
edge not only of physiological factors associated 
with acutely playing football but also of the 
expectable “normal” changes due to an ongoing 
typical football training process. This helps in 
assessing the degree of stress imposed on certain 
organs of football players, and it also supports in 
understanding the limitations caused by certain 
diseases as well as delineating pathological states 
from physiological ones.
It is necessary to identify individuals within a 
football squad who are more prone to suffer from 
certain discipline-specific factors (e.g. travelling) 
and are more likely to develop pathology (like 
infections). Some preventive measures can be 
confined to them. The same is true for the appli-
cation of (drug) treatments, of course.
Do not underestimate the stress imposed on 
football players from factors besides the sheer 
physiological load. Obligations for sponsors and 
media, travel requirements as well as psychologi-
cal interference from private events are relevant 
and worth considering for diagnostic and thera-
peutic decisions.
Take-Home Message
Without thorough and detailed knowledge of foot-
ball-specific physiological challenges and stress-
ors, a team physician will hardly be able to safely 
recognise all pathological states which may need 
treatment or rest. Certain subgroups of players like 
veterans or females may need additional attention 
to phenomena which are specific for them.
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8.1  Background
Football is one of the most popular sports played 
by more than 260 million people all over the 
world [1]. Being an active player has positive 
effects on certain health parameters, and also 
untrained individuals at a recreational level ben-
efit from improved health parameters after sev-
eral weeks of training [2, 3]. However, football is 
also a demanding sport with high physical loads 
when performing sport-specific tasks such as 
sprinting, jumping, tackling and kicking [4]. 
Even higher forces act on the musculoskeletal 
system in the rapid deceleration of cutting, pivot-
ing and jump-landing movements [5]. Sustained 
injuries in those movements are classified as 
 non- contact injuries [6], and they account for 
more than 50% of the injuries [5, 7]. Injuries 
occur when participating in football, even if there 
has been a lot of effort made to implement pre-
vention strategies [8]. A cornerstone in the inves-
tigation of injuries has been made in the consensus 
statement on injury definitions and data collec-
tion procedures in studies of football injuries by 
Fuller et al. [9]. However, football has also 
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evolved into a much faster, intensive and more 
competitive game, with physical and technical 
demands increasing substantially over the past 
few years [10] both at professional [11] and rec-
reational level [12]. Despite the fact of improve-
ments in the athlete’s healthcare [13] and the 
implementation of injury prevention pro-
grammes [8], the risk of injury in training and 
gameplay and muscle and severe injury rates 
remains high [14].
A tear of the anterior cruciate ligament 
(ACL) in a football player’s knee is one of the 
most common and devastating knee injury sus-
tained as a result of sports participation [15]. 
Once the ACL is torn, it is a challenging issue, 
particularly in professional players [5] with 
around 65,000 registered professional players 
worldwide [1]. Considering the negative out-
comes leading to reduced performance and 
long-term health consequences for players, 
there is also a financial impact [16] amounting 
to almost €500.000 a month for an injured 
player in professional football [17]. ACL recon-
struction is currently the solution of choice 
when the ACL is torn in a football player [18], 
especially when the player wants to return to 
pre-injury level of competition [19]. In the 
best-case scenario, it enables the athlete to 
return to his pre-injury level, and the ACL 
reconstructed knee withstands all sporting load; 
in the worst outcome, it may put an athlete’s 
career at risk. After ACL reconstruction the 
desired objective of an athlete is to return to 
sport as soon as possible, preferably perform-
ing at the same level as pre-injury without sus-
taining a re-rupture [20].
After a sports injury, the first question asked 
by most athletes (and coaches) is “When will the 
athlete be able to compete again?” [21]. But 
when is the best moment to return to training, 
return to play and return to competition? There is 
no straightforward answer to this question due to 
the influence of many factors [21]. The imple-
mentation of a test battery with an objective func-
tional evaluation of the athlete’s functional 
capacities after ACL surgery might be one piece 
in the puzzle when it comes to a safe return to 
sport [22, 23].
8.2  A Short Overview of Injuries 
in Football
Playing (professional) football puts the player at 
risk of an injury [24]. Injury rate has been esti-
mated to be approximately 1000 times higher than 
the overall rate for typical high-risk industrial 
occupations [14]. Injury incidence of 10.2 and 
35.5 injuries per 1.000 match-hours and 1.5 and 
7.6 injuries per 1.000 training hours has been 
reported [12, 24]. Younger and less skilled players 
are often at higher risk for football-related injuries 
[25], although older age has been identified as a 
risk factor [26]. Approximately 60–80% of severe 
injuries occur in the lower extremities, most com-
monly at the knee or ankle [27]. In the UEFA 
Champions League (UCL) injury study, about 50 
injuries are expected for each football team result-
ing in two injuries per player per season [24]. For 
a broader overview, please refer to the publica-
tions of the UCL study team [14, 24, 28, 29].
8.3  Severe Knee Injuries 
in Football and Return 
to Play
Knee injuries in football are common and consti-
tute a serious problem regardless of gender or play-
ing level [30]. One of the most common knee 




Injury risk is approximately 1000 
times higher than the overall rate 
for typical high-risk industrial 
occupations [27]
10.2 and 35.5 injuries/ 1.000 
match-hours
1.5 and 7.6 injuries/ 1.000 training 
hours [45, 49]
Younger and less skilled players are 
often at higher risk for football-
related injuries [28]
Approximately 60–80% of severe 
injuries occur in the lower 
extremities, most commonly at the 
knee or ankle [22]
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injuries is ACL rupture. Due to the long lay-off 
time from football, it is causing a threat for the ath-
lete’s career [5, 31]. With an ACL injury, the risk of 
a new knee injury [30] and the risk of developing 
osteoarthritis in the injured knee [31, 32] increases. 
Also high re-rupture rates within the first year of 
surgery have been reported [33]. The mechanism 
of injury often involves faulty landing technique, 
deceleration, pivoting or cutting with excessive 
anterior shear forces [27, 32]. However, the mecha-
nism of ACL injury may differ in females and 
males, especially with respect to the dynamic posi-
tioning of the knee [32]. Considering a professional 
men’s football team squad, every second year one 
player will suffer an ACL injury on average [30]. 
When an athlete suffers an ACL injury, questions 
such as “when will I be able to return to sports?”, 
“will I be able to return to my preoperative level?” 
or “will I be able to return at all?” arise. In the last 
decade, research has developed variables and 
parameters to predict and prognosticate outcomes 
for ACL surgery and the following rehabilitation 
period to support clinicians and therapists to help 
and support athletes on their way back to sporting 
activity [20]. Each athlete is unique; therefore, the 
challenging path from injury back to sports should 
be individualized as much as possible [34]. In con-
sequence, predictors are also classified in preopera-
tive and postoperative values [35, 36]. Once a 
player suffered an ACL injury, the risk of a new 
knee injury is increased [31], and there are unre-
solved problems such as a high ACL re-rupture rate 
[22]. The rate of secondary ACL injury among 
patients who return to sports is 20%; the injury rate 
in younger patients (20–25 years) who return to 
high-risk sport is even higher meaning that nearly 
one out of four young athletes will sustain another 
major knee injury if they return to play [37, 38]. 
And this secondary ACL injury most likely occurs 
early in the return- to- play period [38]. A prema-
ture return to sports activities might be one factor 
that contributes to such high ACL re-rupture rates 
[22]. Activity modification, improved rehabilita-
tion, return-to- play guidelines and the use of inte-
grative neuromuscular training have been 
suggested to help athletes to a more safe reintegra-
tion into sport and to be beneficial in reducing a 
second injury [38].
8.4  Return-to-Play Criteria After 
Knee Injuries
Before patients are allowed to return to contact or 
pivoting sports, a minimum of at least 6 months 
between ACL reconstruction and return to sports 
are recommended [39, 40]; although the approach 
based only on time is discussed controversially 
[34]. Most of the athletes are pressured, or they 
push themselves to make their comeback as soon 
as possible following surgery, even if there is little 
firm evidence regarding the safe return to play 
[22]. It is desirable for the athlete to return to sport 
as quickly as possible; however, an accelerated 
return to sport may also harm the operated ACL 
graft [41]. Although many “return-to-play” crite-
ria have been suggested, there are still uncertain-
ties between time-based vs. criteria-based 
return-to-play decision; some are based on the 
time from ACL reconstruction only, while others 
combine time with subjective and objective 
 criteria [20]. The decision whether an athlete can 
return to sporting activity in a safe and healthy 
way remains a major challenge. Postsurgical 
time as a justification for activity restriction is 
simply used as a surrogate for biological 
healing [33]. Considering only the time-based 




Each athlete is unique; therefore, the 
challenging path from injury back to 
sports should be individualized as 
much as possible [20]
Once a player suffered an ACL injury, 
the risk of a new knee injury is 
increased, and there are unresolved 
problems such as a high ACL 
re-rupture rate [36, 46]
A secondary ACL injury most likely 
occurs early in the return-to-play 
period [37]
Activity modification, improved 
rehabilitation, return-to-play 
guidelines and the use of integrative 
neuromuscular training have been 
suggested [37]
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decision making, it should be noted that patients 
who returned to sport in <7 months were more 
likely to be reinjured than those who returned 
after 7 months [38].
Thus, combining time from ACL recon-
struction with subjective and objective criteria 
is a useful tool in evaluating an athlete’s prog-
ress in the back to sport process. Most com-
monly described tests are isokinetic strength 
tests, functional tests, clinical assessment and 
subjective questionnaires [20]. Using various 
criteria is beneficial to determine an athlete’s 
readiness to return to sport; this includes full 
range of motion, muscle strength and full neu-
romuscular function for sport-specific activi-
ties [20, 34, 35, 38].
An optimized criterion-based multifactorial 
return-to-sport approach based on shared decision 
making within a broad biopsychosocial frame-
work [34] has been proposed in order to support 
clinicians in their decision making and to help 
athletes on their way back to sports. If athletes ful-
fil certain functional, physiological and psycho-
logical [42–44] requirements during and beyond 
the rehabilitation process, they are ready to return 
to sport in consideration of the postsurgical time. 
Assessing the functional status with test batteries 
has been advocated to enable the safest possible 
return to sport [33], and several test batteries have 
been developed [22, 23, 45–47]. Most test proto-
cols include laxity measurements, subjective 
scores, various jump test and strength assessments 
[45, 47–50]. As most of these protocols require 
expensive equipment, are extremely time-con-
suming or excessively complex for implementa-
tion in daily clinical practice, the following 
chapter describes one possible test battery, which 
is evidence based and easy to use [22, 23].
8.5  A Test Battery for Return 
to Play
The back in action (BIA) test battery (CoRehab, 
Trento, Italy) is designed for sportive users in 
healthy conditions or in any phase of a recovery 
period after an injury. It is measuring dynami-
cally the balance, the agility, the speed and the 
strength in respect to normative data from a large 
group of healthy individuals. As a further optional 
outcome, a back to sport indicator (BIA indica-
tor) is also provided.
8.5.1  Description of the Test 
Battery [22]
The test battery “back in action” can be accom-
plished in 45 min and only needs little equip-
ment and one room. It consisted of the following 
Fact Box 3 Risk of re-injury in dependence 
of time to return to sport
Risk of 
re-injury
Patients who returned to sport in 
<7 months were more likely to be 
reinjured than those who returned 
after 7 months [37]






A minimum of at least 6 months 
between ACL reconstruction and 
return to sports are recommended [1, 
47]
Patients who returned to sport in 
<7 months were more likely to be 
reinjured than those who returned 
after 7 months [37]
Time-based guidelines may lead in 
some instances return to play before 
neuromuscular function is 
optimized, placing the athlete at 





Most commonly described tests are 
isokinetic strength tests, functional 
tests, clinical assessment and related 
subjective questionnaires [13]
An optimized criterion-based 
multifactorial return-to- sport 
approach based on shared decision 
making within a broad 
biopsychosocial framework [20]
Assessing the functional status with 
test batteries has been advocated to 
enable the safest possible return to 
sport [40]
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subtests: a two-legged (TL-ST) and one-legged 
stability test (OL-ST), a two-legged (TL-CMJ) 
and one-legged counter movement jump with 
height and power calculations (OL-CMJ), speedy 
jumps (OL-SY), plyometric jumps (TL-PJ) and a 
quick feet test (TL-QFT) [22]. The values of all 
the tests were categorized into five groups from 
“very good”, “good”, “normal”, “weak” and 
“very weak” according to the age- and gender- 
matched normal data of 434 healthy subjects. 
The categorizations considered the gender, 
patient age and leg dominancy. For the calcula-
tion of the limb symmetry index (LSI) of the one- 
legged tests, the resulting absolute value of the 
injured leg was divided by the value of the non- 
affected leg and multiplied by 100. For the stabil-
ity, quick feet and speedy tests, lower values were 
considered better than higher values, and the cal-
culation of the LSI was different. For these tests, 
the LSI was calculated by dividing the measured 
value of the non-affected leg by the value of the 
injured side and multiplying by 100. The differ-
ent LSI calculations were performed to achieve 
comparable and consistent values for all the 
single- legged tests. With our adaptation of the 
LSI formula for those tests, the LSI for the injured 
leg is always suspected of being inferior to the 
unaffected side [22].
To assess postural control, tests are performed 
on a disc (CoRehab, Trento, Italy) connected to a 
tablet PC. The disc is free to move in all direc-
tions. While balancing on the disc, the software 
provides instant feedback about the position of 
the disc. To avoid the influence of different shoe 
types, all trials were performed without shoes. 
Subjects were instructed to stand in the centre 
with their arms at their sides [23].
8.5.2  Two-Leg Stability
Subjects stand with both legs on the disc while 
maintaining their balance for 30 s. Three trials 
are conducted; the first trial is to get familiar with 
the testing device. Second and third trials are 
countable for data collection, whereby the supe-
rior trail is considered for the results. There is a 
30-s break between each trial in which the sub-
ject remains with both legs on the balance board 
resting to one side. Data collection is immedi-
ately stopped in the case of a loss of balance 
(Fig. 8.1).
8.5.3  One-Leg Stability
Similar setting as the two-leg test, however, this 
time test is performed with only one leg. The test 
is performed twice, one for each leg. The subject 
is not allowed to stabilize the raised leg against 
the floor, plate or standing leg. During the break 
between each trial, the subject is able to put his 
non-testing leg on the floor, while his testing leg 
remains on the same position on the testing board 
(Fig. 8.2).
All jump tests are performed using BIA-jump 
sensor (CoRehab, Trento, Italy) equipment. The 
subjects carry a belt around their hips, and the 
jump sensor is placed above the greater trochanter 
Fig. 8.1 Two-leg stability test
Fact Box “Back in action” test battery




Back to sport indicator
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of the hip. Before jumping, the subjects stand in 
an upright and still position. Measured variables 
are jump height (cm), power (W/kg), ground con-
tact time (ms) and reactivity  (mm/ms).
8.5.4  Counter Movement Jump
A sound signal from the software announces the 
start of the jump. From an upright position, the sub-
jects quickly bend their knees and then immedi-
ately jump upward, attempting to maximize their 
height. During this hop, arms are placed on the 
hips. First jump is a test trial following five jumps 
with 30-s pause in between each jump. Of those 
five jumps, the highest and lowest jump will not be 
considered for data collection. Mean value is calcu-
lated from the remaining three jumps (Fig. 8.3).
8.5.5  One-Leg Counter Movement 
Jump
One-leg counter movement jump is similar to the 
two-leg test; however, this test is performed with 
one leg. First jump is a test trial following three 
jumps with 30-s pause in between each jump. 
Mean value is calculated from the jumps for data 
collection (Fig. 8.4).
8.5.6  Plyometrics
The subjects perform three series of four consecu-
tive two-leg jumps, focusing on a maximum jump 
height and a fast ground contact time. Arms could 
be used to assist with the jump. First jump 
sequence is a test trial following two jump series 
with 30-s pause in between each jump series 
(Fig. 8.5).
Fig. 8.3 Counter movement jump
Fig. 8.4 One-leg counter movement jump
Fig. 8.2 One-leg stability test
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8.5.7  Speedy Jump
The speedy basic jump set (CoRehab, Trento, 
Italy) is used to create the jump coordination path. 
The subjects perform one-footed jumps through 
the course of red (forward–backward–forward 
jumps) and blue (sideway jumps) hurdles, com-
pleting 16 jumps. The subject is advised to per-
form the jump coordination path as quickly as 
possible by jumping on one leg without a rest 
between the hurdles. Twisting of the hip is not 
allowed, and the test is immediately stopped when 
the raised leg touches the ground or the subject 
has direct contact with the speedy basic jump hur-
dles. Time is measured using a stopwatch included 
in the software. Timekeeping begins as soon as 
the subject starts to jump and ends when the sub-
ject reaches the finish line with one leg. The mean 
value is recorded for each jump. Measured vari-
able is time (seconds) (Fig. 8.6).
8.5.8  Quick Feet Test
Again, the speedy basic jump set (CoRehab, 
Trento, Italy) is used for the quick feet test as dis-
played in Fig. 8.7. The subject steps in and out 
with one foot after the other until 15 repetitions 
are completed. One repetition is finished when 
the starting leg returns to its initial position. The 
test is stopped if the subject reverses the order of 
the steps. Arms could be used to maintain bal-
ance, and stepping on the speedy pole is not 
allowed. Measured variable is time (seconds).
8.5.9  Clinical Experience in Using 
This Test Battery
In our daily practice, we use this test battery for 
every patient who underwent ACL reconstruc-
Fig. 8.5 Jump sensor placed in the belt at the position 
around the subjects’ hip
Fig. 8.6 Jump coordination path
Fig. 8.7 Quick feet test
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tion. The results ease the evaluation of one’s 
patient functional status and detect neuromuscu-
lar and strength deficits. Our patients typically 
complete the first test 4–5 months after surgery. 
This is important to specify the next months of 
rehabilitation and training. In our experience all 
of even professional athletes have deficits in one 
or more parameters at this stage. On the second 
test, which is about 2–3 months later, we often 
detect some deficits. However, the return to com-
petitive sports is then discussed individually with 
coaches, the athlete, the physio and the surgeon. 
Once athletes are cleared and ready to return to a 
high-risk sport, they are encouraged towards a 
gradual increase of training intensity and partici-
pation in competition. To compare the results of a 
patients status after ACL reconstruction, norma-
tive data of more than 400 healthy individuals are 
available. However, the test can also be con-
ducted pre-injury to assess the individual status. 
Therefore, we assessed the normative data in a 
professional football club (see Table 8.1). Apart 
from semi-professional players being signifi-
cantly younger than professional players, data 
showed only statistically significant higher val-
ues for professional players in the two-legged 
counter movement jump and the one-legged 
counter movement jump with the dominant leg 
(unpublished data, submitted) (Table 8.1).
Take-Home Message
Football is a very demanding sport activity with a 
high risk of injury. In order to return patients to 
athletic or demanding occupational activities as 
safely as possible, postoperative rehabilitation 
plays a critical role [51]. Participation in level I 
sports after ACL reconstruction within 2 years 
puts the athlete at a four times higher risk of re- 
injury; however, this rate decreases through a 
later return and more symmetrical quadriceps 
strength prior to return [33]. An athlete should 
therefore accomplish certain steps in the rehabili-
tation process, which is monitored by clinicians 
and other health professionals. High capabilities 
are seen in the combination of strict time-based 
and functional return-to-play criteria in order to 





(n = 17) All players (N = 34)
Mean ± SD Mean ± SD Mean ± SD
Age (year) 23.8 ± 4.3 18.9 ± 1.8 21.4 ± 4.1
Height (cm) 181.3 ± 3.5 178.6 ± 5.6 179.9 ± 4.9
Weight (kg) 74.5 ± 4.9 72.7 ± 6.9 73.6 ± 6.1
BMI 22.6 ± 1.1 22.8 ± 1.4 22.7 ± 1.2
Two-leg stability 2.63 ± 0.4 2.84 ± 0.5 2.73 ± 0.5
One-leg stabilityDominant 
leg
2.59 ± 0.3 2.46 ± 0.5 2.53 ± 0.4
One-leg stabilityNon- 
dominant leg
2.47 ± 0.3 2.49 ± 0.5 2.48 ± 0.4
Counter movement jump 
(CMJ) (cm)
44.5 ± 5.8 39.4 ± 4 42 ± 5.6
CMJDominant leg (cm) 31.9 ± 5.6 26.6 ± 4 29.3 ± 5.4
CMJNon-dominant leg 
(cm)
31.1 ± 6.3 27.6 ± 4 29.4 ± 5.5
PlyometricsHeight (cm) 38.99 ± 5.1 38.98 ± 6.5 38.99 ± 5.8
PlyometricsTime (ms) 183.3 ± 28.3 188.38 ± 42.2 185.84 ± 36
Speedy testDominant leg 
(s)
5.45 ± 0.5 5.56 ± 0.5 5.51 ± 0.5
Speedy testNon-dominant 
leg (s)
5.53 ± 0.6 5.61 ± 0.4 5.57 ± 0.5
Quick feet test (s) 8.24 ± 1.2 8.31 ± 1 8.27 ± 1.1
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improve long-term function and to decrease the 
occurrence of osteoarthritis [33]. The test battery 
presented in chapter 5 has shown to be safe and 
extremely helpful in counselling a patient with 
respect to further training and the timing of a 
return to sports [22].
Top Five Evidence-Based References
Grindem H, Snyder-Mackler L, Moksnes H, Engebretsen 
L, Risberg MA (2016) Simple decision rules can 
reduce reinjury risk by 84% after ACL reconstruction: 
the Delaware-Oslo ACL cohort study. Br J Sports Med 
50:804–808
Herbst E, Hoser C, Hildebrandt C, Raschner C, Hepperger 
C, Pointner H, Fink C (2015) Functional assessments 
for decision-making regarding return to sports follow-
ing ACL reconstruction. Part II: clinical application 
of a new test battery. Knee Surg Sports Traumatol 
Arthrosc 23:1283–1291
Hildebrandt C, Müller L, Zisch B, Huber R, Fink C, 
Raschner C (2015) Functional assessments for 
decision- making regarding return to sports follow-
ing ACL reconstruction. Part I: development of a new 
test battery. Knee Surg Sports Traumatol Arthrosc 
23:1273–1281
Kyritsis P, Bahr R, Landreau P, Miladi R, Witvrouw E 
(2016) Likelihood of ACL graft rupture: not meeting 
six clinical discharge criteria before return to sport is 
associated with a four times greater risk of rupture. Br 
J Sports Med 50:946–951
Wiggins AJ, Grandhi RK, Schneider DK, Stanfield D, 
Webster KE, Myer GD (2016) Risk of secondary 
injury in younger athletes after anterior cruciate liga-
ment reconstruction: a systematic review and meta- 
analysis. Am J Sports Med 44:1861–1876
References
 1. O’Brien J, Finch CF (2017) Injury prevention exer-
cise programs for professional soccer: understanding 
the perceptions of the end-users. Clin J Sport Med 
27:1–9
 2. Krustrup P, Bangsbo J (2015) Recreational football is 
effective in the treatment of non-communicable dis-
eases. Br J Sports Med 49:1426–1428
 3. Randers MB, Andersen LJ, Orntoft C, Bendiksen M, 
Johansen L, Horton J, Hansen PR, Krustrup P (2013) 
Cardiovascular health profile of elite female foot-
ball players compared to untrained controls before 
and after short-term football training. J Sports Sci 
31:1421–1431
 4. Arnason A, Sigurdsson SB, Gudmundsson A, Holme 
I, Engebretsen L, Bahr R (2004) Physical fitness, inju-
ries, and team performance in soccer. Med Sci Sports 
Exerc 36:278–285
 5. Waldén M, Krosshaug T, Bjørneboe J, Andersen TE, 
Faul O, Hägglund M (2015) Three distinct mecha-
nisms predominate in non-contact anterior cruciate 
ligament injuries in male professional football play-
ers: a systematic video analysis of 39 cases. Br J 
Sports Med 49:1–10
 6. Alentorn-Geli E, Myer GD, Silvers HJ, Samitier 
G, Romero D, Lázaro-Haro C, Cugat R (2009) 
Prevention of non-contact anterior cruciate ligament 
injuries in soccer players. Part 1: mechanisms of 
injury and underlying risk factors. Knee Surg Sports 
Traumatol Arthrosc 17:705–729
 7. Ueblacker P, Mueller-Wohlfahrt H-W, Ekstrand J 
(2015) Epidemiological and clinical outcome com-
parison of indirect (‘strain’) versus direct (‘contu-
sion’) anterior and posterior thigh muscle injuries in 
male elite football players: UEFA elite league study 
of 2287 thigh injuries (2001-2013). Br J Sports Med 
49:1461–1465
 8. Alentorn-Geli E, Myer GD, Silvers HJ, Samitier 
G, Romero D, Lazaro-Haro C, Cugat R (2009) 
Prevention of non-contact anterior cruciate ligament 
injuries in soccer players. Part 2: a review of pre-
vention programs aimed to modify risk factors and 
to reduce injury rates. Knee Surg Sports Traumatol 
Arthrosc 17:859–879
 9. Fuller CW, Ekstrand J, Junge A, Andersen TE, Bahr 
R, Dvorak J, Hägglund M, McCrory P, Meeuwisse 
WH (2006) Consensus statement on injury definitions 
and data collection procedures in studies of football 
(soccer) injuries. Br J Sports Med 40:193–201
 10. Bowen L, Gross AS, Gimpel M, Li F-X (2016) 
Accumulated workloads and the acute:chronic work-
load ratio relate to injury risk in elite youth football 
players. Br J Sports Med. https://doi.org/10.1136/
bjsports-2015-095820
 11. Barnes C, Archer DT, Hogg B, Bush M, Bradley PS 
(2014) The evolution of physical and technical perfor-
mance parameters in the English premier league. Int J 
Sports Med 35:1095–1100
 12. Gatterer H, Ruedl G, Faulhaber M, Regele M, 
Burtscher M (2012) Effects of the performance level 
and the FIFA “11” injury prevention program on the 
injury rate in Italian male amateur soccer players. J 
Sports Med Phys Fitness 52:80–84
 13. Fuller CW, Junge A, Dvorak J (2012) Risk manage-
ment: FIFA’s approach for protecting the health of 
football players. Br J Sports Med 46:11–17
 14. Ekstrand J, Hägglund M, Kristenson K, Magnusson 
H, Waldén M (2013) Fewer ligament injuries but no 
preventive effect on muscle injuries and severe inju-
ries: an 11-year follow-up of the UEFA champions 
league injury study. Br J Sports Med 47:732–737
 15. Hewett TE, Di Stasi SL, Myer GD (2013) Current con-
cepts for injury prevention in athletes after anterior cruci-
ate ligament reconstruction. Am J Sports Med 28:374–386
 16. McCall A, Davison M, Andersen TE, Beasley I, 
Bizzini M, Dupont G, Duffield R, Carling C, Dvorak 
8 A Test Battery for Return to Play in Football
pieter.orthopedie@gmail.com
108
J (2015) Injury prevention strategies at the FIFA 2014 
world cup: perceptions and practices of the physicians 
from the 32 participating national teams. Br J Sports 
Med 49:603–608
 17. McCall A, Dupont G, Ekstrand J (2016) Injury preven-
tion strategies, coach compliance and player adher-
ence of 33 of the UEFA elite Club injury study teams: 
a survey of teams’ head medical officers. Br J Sports 
Med. https://doi.org/10.1136/bjsports-2015-095259
 18. Ardern CL, Taylor NF, Feller JA, Webster KE (2012) 
Return-to-sport outcomes at 2 to 7 years after anterior 
cruciate ligament reconstruction surgery. Am J Sports 
Med 40:41–48
 19. Ardern CL, Webster KE, Taylor NF, Feller JA (2011) 
Return to the preinjury level of competitive sport after 
anterior cruciate ligament reconstruction surgery: 
two-thirds of patients have not returned by 12 months 
after surgery. Am J Sports Med 39:538–543
 20. Kyritsis P, Bahr R, Landreau P, Miladi R, Witvrouw E 
(2016) Likelihood of ACL graft rupture: not meeting 
six clinical discharge criteria before return to sport is 
associated with a four times greater risk of rupture. Br 
J Sports Med 50:946–951
 21. Ardern CL, Glasgow P, Schneiders A, Witvrouw 
E, Clarsen B, Cools A, Gojanovic B, Grif S, Khan 
KM, Moksnes H, Mutch SA, Phillips N, Reurink G, 
Sadler R, Silbernagel KG, Thorborg K, Wangensteen 
A, Wilk KE, Bizzini M (2016) 2016 consensus state-
ment on return to sport from the first world congress 
in sports physical. Br J Sports Med 50:853–864
 22. Herbst E, Hoser C, Hildebrandt C, Raschner C, 
Hepperger C, Pointner H, Fink C (2015) Functional 
assessments for decision-making regarding return to 
sports following ACL reconstruction. Part II: clinical 
application of a new test battery. Knee Surg Sports 
Traumatol Arthrosc 23:1283–1291
 23. Hildebrandt C, Müller L, Zisch B, Huber R, Fink 
C, Raschner C (2015) Functional assessments for 
decision-making regarding return to sports follow-
ing ACL reconstruction. Part I: development of a new 
test battery. Knee Surg Sports Traumatol Arthrosc 
23:1273–1281
 24. Ekstrand J, Hägglund M, Waldén M (2011) Injury 
incidence and injury patterns in professional football: 
the UEFA injury study. Br J Sports Med 45:553–558
 25. Peterson L, Junge A, Chomiak J, Graf-Baumann T, 
Dvorak J (2000) Incidence of football injuries and 
complaints in different age groups and skill-level 
groups. Am J Sports Med 28:S51–S57
 26. Arnason A, Sigurdsson SB, Gudmundsson A, Holme 
I, Engebretsen L, Bahr R (2004) Risk factors for inju-
ries in football. Am J Sports Med 32:5S–16S
 27. Brophy R, Silvers HJ, Gonzales T, Mandelbaum BR 
(2010) Gender influences: the role of leg dominance 
in ACL injury among soccer players. Br J Sports Med 
44:694–697
 28. Hägglund M, Waldén M, Ekstrand J (2009) UEFA 
injury study – an injury audit of European champion-
ships 2006 to 2008. Br J Sports Med 43:483–489
 29. Waldén M, Hägglund M, Ekstrand J (2013) Time- 
trends and circumstances surrounding ankle injuries 
in men’s professional football: an 11-year follow-up 
of the UEFA champions league injury study. Br J 
Sports Med 47:748–753
 30. Waldén M, Hägglund M, Magnusson H, Ekstrand 
J (2011) Anterior cruciate ligament injury in elite 
football: a prospective three-cohort study. Knee Surg 
Sports Traumatol Arthrosc 19:11–19
 31. Waldén M, Hägglund M, Ekstrand J (2006) High risk 
of new knee injury in elite footballers with previous 
anterior cruciate ligament injury. Br J Sports Med 
40:158–162
 32. Hewett TE, Myer GD, Ford KR, Paterno MV, 
Quatman CE (2016) Mechanisms, prediction, and 
prevention of ACL injuries: cut risk with three sharp-
ened and validated tools. J Orthop Res 34:1843–1855
 33. Grindem H, Snyder-Mackler L, Moksnes H, 
Engebretsen L, Risberg MA (2016) Simple deci-
sion rules can reduce reinjury risk by 84% after ACL 
reconstruction: the Delaware-Oslo ACL cohort study. 
Br J Sports Med 50:804–808
 34. Dingenen B, Gokeler A (2017) Optimization of 
the return-to-sport paradigm after anterior cruci-
ate ligament reconstruction: a critical step back to 
move forward. Sports Med. https://doi.org/10.1007/
s40279-017-0674-6
 35. Eitzen I, Holm I, Risberg MA (2009) Preoperative 
quadriceps strength is a significant predictor of knee 
function two years after anterior cruciate ligament 
reconstruction. Br J Sports Med 43:371–376
 36. Grindem H, Risberg MA, Eitzen I (2015) Two factors 
that may underpin outstanding outcomes after ACL 
rehabilitation. Br J Sports Med 49:1425
 37. McCormack RG, Hutchinson MR (2016) Time to be 
honest regarding outcomes of ACL reconstructions: 
should we be quoting 55–65% success rates for high- 
level athletes? Br J Sports Med 50:1167–1168
 38. Wiggins AJ, Grandhi RK, Schneider DK, Stanfield 
D, Webster KE, Myer GD (2016) Risk of secondary 
injury in younger athletes after anterior cruciate liga-
ment reconstruction: a systematic review and meta- 
analysis. Am J Sports Med 44:1861–1876
 39. Harris JD, Abrams GD, Bach BR, Williams D, 
Heidloff D, C a B-J, Verma NN, Forsythe B, Cole 
BJ (2014) Return to sport after ACL reconstruction. 
Orthopedics 37:e103–e108
 40. Kvist J (2004) Rehabilitation following anterior cru-
ciate ligament injury: current recommendations for 
sports participation. Sports Med 34:269–280
 41. Warner SJ, Smith MV, Wright RW, Matava MJ, 
Brophy RH (2011) Sport-specific outcomes after ante-
rior cruciate ligament reconstruction. Arthroscopy 
27:1129–1134
 42. Ardern CL, Osterberg A, Tagesson S, Gauffin H, 
Webster KE, Kvist J (2014) The impact of psycho-
logical readiness to return to sport and recreational 
activities after anterior cruciate ligament reconstruc-
tion. Br J Sports Med 48:1613–1619
F. Fischer et al.
pieter.orthopedie@gmail.com
109
 43. Mayer SW, Queen RM, Taylor D, Moorman CT, Toth 
AP, Garrett WE, Butler RJ (2015) Functional testing 
differences in anterior cruciate ligament reconstruc-
tion patients released versus not released to return to 
sport. Am J Sports Med 43:1648–1655
 44. Undheim MB, Cosgrave C, King E, Strike S, Marshall 
B, Falvey É, Franklyn-Miller A (2015) Isokinetic 
muscle strength and readiness to return to sport fol-
lowing anterior cruciate ligament reconstruction: is 
there an association? A systematic review and a proto-
col recommendation. Br J Sports Med 49:1305–1310
 45. Gustavsson A, Neeter C, Thomeé P, Silbernagel KG, 
Augustsson J, Thomeé R, Karlsson J (2006) A test 
battery for evaluating hop performance in patients 
with an ACL injury and patients who have undergone 
ACL reconstruction. Knee Surg Sports Traumatol 
Arthrosc 14:778–788
 46. Keller M, Kurz E, Schmidtlein O, Welsch G, Anders 
C (2016) Interdisziplinäre Beurteilungskriterien für 
die Rehabilitation nach Verletzungen an der unteren 
Extremität : Ein funktionsbasierter Return to Activity 
Algorithmus. Sport Sport 30:38–49
 47. Neeter C, Gustavsson A, Thomeé P, Augustsson 
J, Thomeé R, Karlsson J (2006) Development of a 
strength test battery for evaluating leg muscle power 
after anterior cruciate ligament injury and recon-
struction. Knee Surg Sports Traumatol Arthrosc 
14:571–580
 48. Augustsson J, Thomeé R, Karlsson J (2004) Ability 
of a new hop test to determine functional deficits after 
anterior cruciate ligament reconstruction. Knee Surg 
Sports Traumatol Arthrosc 12:350–356
 49. Björklund K, Sköld C, Andersson L, Dalén N (2006) 
Reliability of a criterion-based test of athletes 
with knee injuries; where the physiotherapist and the 
patient independently and simultaneously assess the 
patient’s performance. Knee Surg Sports Traumatol 
Arthrosc 14:165–175
 50. Reid A, Birmingham TB, Stratford PW, Alcock GK, 
Giffin JR (2007) Hop testing provides a reliable and 
valid outcome measure during rehabilitation after 
anterior cruciate ligament reconstruction. Phys Ther 
87:337–349
 51. Barber-Westin SD, Noyes FR (2011) Factors used to 
determine return to unrestricted sports activities after 
anterior cruciate ligament reconstruction. Arthroscopy 
27:1697–1705
8 A Test Battery for Return to Play in Football
pieter.orthopedie@gmail.com
111© ESSKA 2018 
V. Musahl et al. (eds.), Return to Play in Football, https://doi.org/10.1007/978-3-662-55713-6_9
Principles and Limitations 
of Prehabilitation and Return 
to Play Strategies
Helmut Hoffmann, Werner Krutsch, 
and Oliver Loose
Contents
9.1    Introduction ................................................ 111
9.2    Basic Aspects and Current Prehabilitation 
Strategies in Elite Football......................... 112
9.3    Changes Caused by Contact of the 
Shooting Leg with the Ball......................... 112
9.4    Musculoskeletal Adaptation Through 
Asymmetrical Muscular Changes ............. 113
9.5    Supporting Leg Changes Caused  
by Kicking Technique ................................ 113
9.6    Influence Factors and Football- 
Specific Prevention Strategies ................... 114
9.7    Basic Aspects of Actual Return-to- 
Play Strategies in Elite Football ................ 116
9.8    Time-Based Versus  
Criteria-Based Rehabilitation ................... 117
9.9    Test Configuration for Performance  
Diagnostic .................................................... 119
9.10   Clinical Return-to-Play Criteria ............... 120
9.10    Performance Criteria “Indoor” .............. 120
9.11    Performance Criteria “Outdoor”  .......... 121
9.12    Basic Conception of Performance  
Dignostics/Evaluation Conception .......... 121
9.13    Limitations of Prehabilitation and  
Return-to-Play Activities ......................... 122
9.13.1  Evidence/Consensus of a  
Football- Specific Requirement  
Profile ......................................................... 122
9.13.2  Need for “Football-Specific  
Standard Data”  .......................................... 122
9.13.3  Interpretation of Performance- Related  
Data in the Context of Prehabilitation  
and Complex Criteria-Based Return  
to Play Strategies ........................................ 122
 References ............................................................... 125
9.1  Introduction
Football is probably the most beautiful minor 
matter on earth - in 2006, the FIFA claimed that 
over 265 million people play football. On one 
hand, performing sports and playing football 
boost health and increase well-being. On the 
other hand, it undoubtedly involves a high risk of 
injury. Recent studies suggest that the injury rate 
among elite football players appears to be much 
higher than in high-risk industrial occupations.
Injury incidences in elite football vary between 
4.4 and 77 per 1000 h of playing time. In 
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2015/2016, the UEFA injury study revealed 5.5 
injuries per 1000 h of playing time [1–4].
Earlier, in case of severe injury such as ACL rup-
ture, physicians, team coaches, and players intended 
to return to play after a defined time of rehabilita-
tion, for instance, after 6 months. But this procedure 
does not comply with the individual rehabilitation 
process and the functional aspect of sport-specific 
rehabilitation and performance profiles.
Consequently, prevention is a major compo-
nent of football to assure as little injury as possi-
ble. In this chapter, principles and limitations of 
prevention and return to play strategies are 
discussed.
9.2  Basic Aspects and Current 
Prehabilitation Strategies 
in Elite Football
Sport-specific characteristics and adaptions of 
the musculoskeletal and myofascial system.
Playing football is characterized by a high 
number of specific and non-varying patterns of 
movement: from a functional point of view, foot-
ball players have to display functional power and 
mobility, core stability, balance, and particularly 
agility. Side steps, forward, and backward run-
ning, fast shifts in direction, core stability in duel, 
jumps and landing, and quick start and stop 
movements are among the requirements for a 
high-performing football player [5].
All these different patterns will lead to 
responses in specific biological structures under-
going adaptations that enable the athlete to ade-
quately recall the movements after having trained 
and frequently repeated them for a long time. 
These transformations concern muscles, liga-
ments, bones, and myofascial structures and are 
normally not carried out in a symmetric way: in 
many sports, there are vast differences between 
the right and the left side of the athlete’s body, 
most prominently in football with a shooting and 
a standing leg [6–8]. Also, the play requirements 
and classic movement patterns vary from one 
playing position to the next one. This difference 
is particularly striking between the goalkeeper 
and the field players but exists among different 
playing positions on the field as well.
These facts are decisive in prehabilitation and 
return to play settings (provided by a doctor, ther-
apist, or trainer), as they are important to con-
sider as to whether the adaptive changes should 
be prophylactically “treated” and reversed, or at 
least limited, with the goal of preventing future 
degenerative problems. There is no generally 
valid recommended course of action, and man-
agement decisions should be made on a case-by- 
case basis depending on the extent of the changes 
and on individual physical factors. The following 
factors are crucial in prehabilitation and return to 
play strategies.
9.3  Changes Caused by Contact 
of the Shooting Leg 
with the Ball
From a mechanical point of view, a soccer 
player kicking a ball is accelerating a piece of 
leather filled with air in a desired direction. 
This can be accomplished by various modes of 
ball contact, which impose corresponding 
mechanical loads on the striking area - the fore-
head for a header shot, the instep for an instep 
shot, or the inside of the foot for an inside shot. 
In summary, the forces of a senior ball and 
resulting changes for a kicking-leg through 
repetitive shots have to be calculated in preha-
bilitation and return to play strategies [9]. 
Besides the magnitude of the mechanical 
stresses associated with ball contact, the num-
ber of repetitive stereotypical loads caused by 
ball contact within the physiologic range can 
also trigger degenerative changes in the muscu-
loskeletal system. The mechanical reaction 
forces generated by the ball mass have a magni-
tude that is within physiologic limits and gener-
ally do not exceed the stress tolerance of the 
biological structures. But if a large number of 
contacts are repeated over a long period of time, 
which may be measured in years, they create 
stimuli that act as repetitive microtrauma and 
will eventually evoke changes in the musculo-
skeletal system:
 – Radiographically visible bone changes were 
noted only at the kicking leg side of 
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professional soccer players who had been 
playing for at least 3 years [10].
 – Kicking balls with a faulty, biologically unfa-
vorable technique will quickly increase the 
tensile stresses on the talonavicular ligament 
to unphysiologically high levels that may 
exceed stress tolerance, resulting in an acute 
injury [11].
9.4  Musculoskeletal Adaptation 
Through Asymmetrical 
Muscular Changes
From a biomechanical perspective, the leg’s kick-
ing movement is an “open kinetic chain” action 
in which the foot is moved at maximum forward 
speed (moving point), while the hip is relatively 
stationary (fixed point). At the same time, every 
kicking movement will impose a “closed kinetic 
chain” type of load on the non-kicking side. In 
this case, the foot is planted on the ground (fixed 
point), while the overlying structures of the 
pelvic- leg axis and torso are in motion (moving 
point) and must therefore be stabilized against 
gravity through complex coordination. Various 
neuromuscular control actions, especially those 
that stabilize the knee joint and the entire lumbar- 
pelvis- hip region, initiate long-term muscular 
adaptations to these soccer-specific movement 
patterns [12]. Knebel (1988) described an 
increased maximum strength capacity and strik-
ing force of quadriceps muscle contraction dur-
ing extension on the kicking leg side, accompanied 
by an increased maximum strength and striking 
force of the knee flexors on the support side.
These general tendencies (quadriceps stronger 
on the kicking side, hamstrings stronger on the sup-
port side) vary in different playing positions accord-
ing to the requirements of those positions [6, 13].
9.5  Supporting Leg Changes 
Caused by Kicking Technique
The changes in the kicking leg described above 
suggest that the contralateral support leg is sub-
jected to different loads during the kicking of a 
soccer ball. Interestingly, all soccer players, 
regardless of their performance level, tend to 
place their support leg in a precise position when 
shooting the ball (i.e., when executing an instep 
kick or an inside/outside kick). This causes a 
highly consistent pattern of stereotypical loads to 
act on the musculoskeletal structures (Fig. 9.1).
To permit successful ball acceleration by the 
kicking leg with effective momentum transfer to 
the ball, the support leg must be planted next to 
the ball on the ground. There are several observa-
tions that are significant in this regard [14] (Fact 
Box 1).
These side-specific changes are most clearly 
appreciated in the ankle joint. The greater the lat-
eralization of the pelvic-leg axis, the greater is 
the lateral and shear forces acting on the joints of 
the foot. These forces will evoke long-term adap-
Fact Box 1
 – Soccer players plant their support leg 
next to the ball with remarkable consis-
tency and precision. Tests have shown 
that interindividual differences from one 
ball contact to the next are less than 
1 cm!
 – Soccer players plant their support leg 
level with the ball (relative to the frontal 
plane).
 – As soon as the foot is planted on the 
ground, the body center of gravity shifts 
outward toward the support leg, usually 
moving past the left knee or even farther 
laterally.
 – The lateral distance of the support leg 
from the ball can vary markedly from 
one player to the next. Despite these dif-
ferences, however, the individual move-
ment patterns are carried out with great 
precision (intraindividual consistency). 
But the farther the support leg is placed 
from the ball, the greater is the lateral 
shift of the body center of gravity 
(Fig. 9.2). The joints along the left 
pelvic- leg axis must stabilize and com-
pensate for this position and adapt to it 
over time
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tations even in the absence of trauma or injuries. 
These changes are reflected not just in the stereo-
typical kicking actions that occur during training 
and play but also during ordinary walking and 
running.
9.6  Influence Factors 
and Football-Specific 
Prevention Strategies
Injury prevention in football is a multifactorial 
event, and all actors involved in the team sport 
can exert influence (Fig. 9.3). Football associa-
tions, for example, have changed the rules for an 
attack against the head with the elbow by punish-
ing it with a red card. This has led to a significant 
reduction of head injuries in the world champion-
ship 2006. Furthermore, the adaption of the ball’s 
size and weight according to the players’ age was 
also a preventive procedure to reduce the risk for 
head injuries or degenerative changes in youth 
BCG
3
Instep kick viewed in the frontal and sagittal planes.
BCG, body’s center of gravity.
1   Distance from the foot of the supporting
     leg to the center of the ball.
2   Distance from the BCG axis to the ball
     center of gravity.
3   Distance from the BCG axis to the foot




Fig. 9.1 Intraindividual 
differences in the 
position of the 
supporting leg for a 
right-side kicker during 
instep kick [11]
Fig. 9.2 Intraindividual differences in the position of the 
supporting leg for an instep kick (right-footed player) [11]
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Fig. 9.3 Influence factors in prevention strategies [15]
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football [8]. Other examples of the influence of 
associations are the prohibition of body decora-
tion or the obligation to wear protectors in foot-
ball games.
The sports industry can also contribute to 
strengthen prevention by adapting the football 
shoes to the individual requirements of players 
and environmental conditions: in order to com-
pensate differences in leg dominance, an individ-
ual adaption of football shoes by means of 
orthopedic insoles is useful to avoid nonphysio-
logical stress on the musculoskeletal system. It is 
highly recommendable to use custom-made indi-
vidual shoes fitting the player’s feet and anatomi-
cal predispositions. These shoes should be 
individualized according to biomechanical prop-
erties to select a suitable shoe model for the indi-
vidual athlete. The type, number, and placement 
of studs on the shoe sole should be included in 
the analysis because they influence the value of 
traction potential.
One of the most important influence factors on 
prevention strategies are the player themselves: 
sufficient sleep and regeneration, a balanced 
nutrition, enough hydration, avoiding alcohol, 
warm-up and cooling down, and fair play have 
been proven in practice.
The influence of referees in prevention par-
ticularly refers to the surveillance of compliance 
with gaming rules and a good communication 
with players [16]. Referees must also assess the 
severity of injuries and decide whether to inter-
rupt the game for medical help.
The team coach is another highly influential 
factor. He defines the training and game load; pre-
pares the training including the warm-up phase, 
prevention training, and cool-down; and deter-
mines the time of regeneration. They are also 
responsible for the mental fitness of the players and 
have to interfere with all other actors in team sport.
The medical team is responsible for the treat-
ment of injury or illness, nutrition, and anti- 
doping control and accompanies the players in 
return to play and rehabilitation process. A big 
part of the medical team’s work is the regenera-
tion by physiotherapy.
A survey of current prevention strategies in 
national teams at the FIFA 2014 World Cup 
showed the tests used to detect risk factors: the 
top five common injury risk screening tests were 
flexibility, physical fitness, joint mobilization/
function, balance/proprioception, muscle endur-
ance strength, and muscle peak strength. The 
physicians were also asked about risk factors: 
previous injury, accumulated fatigue, and ago-
nist/antagonist muscle imbalance were the most 
frequently named intrinsic factors, whereas 
reduced recovery time, training load prior and 
during the world cup, and poor pitch quality fig-
ured among the extrinsic ones. The monitoring 
of the players was based on medical screen, 
minutes/matches played, subjective and objec-
tive wellness, and heart rate and biochemical 
parameters. The most important prevention 
exercises were flexibility, core, combined con-
tractions, balance, and eccentric exercises [17].
9.7  Basic Aspects of Actual 
Return-to-Play Strategies 
in Elite Football
The return-to-play process after injury generally 
depicts the time from injury until return to the 
field. Earlier, the period after which to play foot-
ball again after ACL rupture was defined as 6 
months. But a fixed/determined date does not take 
into account the fact that every patient needs an 
individual rehabilitation process adapted on their 
biological healing and functional criteria (Fig. 9.4).
An optimal rehabilitation protocol starts with 
the return-to-activity period [19] after being 
discharged from clinical treatment to general 
rehabilitation training, which involves general 
rehabilitation training and physiotherapy. The 
return to sport describes the phase from the 
beginning of sport-specific rehabilitation train-
ing to individualized team training. Criteria for 
entering the return-to-sport phase should be:
 – No stretch deficit
 – Subjective knee stability (IKDC-2000 score, 
Lysholm score, knee outcome survey-sports 
activity scale)
 – Objective knee stability (KT-1000 laxity test-
ing, pivot shift test)
 – Activation and innervation (functional muscle 
tests)
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 – Maximal strength (minimum 85% lateral 
symmetry index (LSI): a comparison with 
preseason screening tests would be optimal)
 – Leg axis control
The transition to the full participation in team 
and competition training is called the return-to- 
play point. The decision to transfer the player 
into this phase should be made by means of an 
interdisciplinary assessment tool (Fig. 9.5).
9.8  Time-Based Versus Criteria- 
Based Rehabilitation
The control of the rehabilitation process after 
injuries depends on the medical treatment regi-
men, which is usually based on the respective 
posttraumatic stress tolerance of the injured bio-
logical structures and their regeneration and con-
stitutes a time-based rehabilitation concept. The 
focus of this information is on the current load 
tolerance until the restoration of the mechanical 
normal load (against gravitation) within the scope 
of ADL stereotypes. These represent the medical 
framework for complex rehabilitation concepts. 
The data are largely based on the findings on the 
respective biological wound healing processes 
and the associated time spans but vary consider-
ably in practice in some cases. These time-based 
preconditions are certainly still relevant in the 


















































































































































Fig. 9.5 Steps to return-to-play decision after injury [19]
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ing an increased risk of re-traumatizing the 
affected biological tissue.
Current concepts of complex therapies control 
now attempt to describe each individual therapy 
process by means of functional criteria, taking 
into account the time-based minimum time spans 
of the wound healing processes. These represent 
in each case the sufficient features to initiate the 
next therapy step. In the ideal case, the respective 
individual criteria with the corresponding mini-
mum values should be clearly defined and can be 
determined both qualitatively and quantitatively 
on the basis of evaluation methods which are as 
objective as possible. For example, preseason 
screening tests could be a possibility to define 
basic values in an uninjured status and could be 
used for a criteria-based rehabilitation.
Figure 9.6 illustrates, for example, the reha-
bilitation after the reconstruction of the anterior 
cruciate ligament, a possible time-based treat-
ment regime according to the medical specifica-
tions of the surgeon who, in this case, provides 
the start of unilateral support leg phases (jogging) 
between the ninth and twelfth week. Experience 
has shown that this can also be achieved in the 
majority of cases. A minority of patients, how-
ever, will not be able to tolerate this burden due to 
a variety of reasons, which triggers correspond-
ing reactions with delays in the rehabilitation 
process.
Criteria-based rehabilitation concepts allow 
for time-optimized progress within the therapy 
process, taking into account the time constraints 
of the wound healing processes on the basis of 
defined functional criteria, so that the next reha-
bilitation step can be initiated at the earliest pos-
sible point of time (in contrast to the time-based 
concept, presumably around the eighth postoper-
ative week). Problems during rehabilitation can 
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20th week, might be prevented by continuing 
swelling problems.
For example, running loads with one-legged 
support phases can be determined using the 
methods shown in Fig. 9.7, and exemplarily illus-
trated parameters can be checked objectively. An 
appropriate test procedure should be assigned to 
each criterion, and the minimum quantitative 
expression should be defined [8].
9.9  Test Configuration 
for Performance Diagnostic
In general, the individual measures of physical 
therapy, physiotherapy, and medical training 
therapy within modern complex therapies follow-
ing orthopedic traumatic injuries are based on 
biocybernetic science models. In this context, the 
success of training and therapy procedures in 
physiological structures of the musculoskeletal 
system must be proven. It is also important to ini-
tiate consequences in the form of reorganization 
or reconception in the rehabilitation process early 
enough if a measure has not produced the 
intended training or therapy success. Quantifying 
and/or qualifying the relevant biological param-
eters can be done by performance diagnostics 
in the rehabilitation process.
The individual measurement methods of reha-
bilitative performance diagnosis are applied sev-
eral times in the course of complex therapy 
strategies after injuries in football:
• At the beginning of the rehabilitation period 
for documentation and evaluation of physical 
performance (quantitative and quantitative 
aspects)
• In the course of rehabilitation, to regulate the 
therapy process and to control the impulses 
and changes in physical function and perfor-
mance that have been initiated and implied by 
the individual therapies (physical, therapeutic, 










- Quality and quantity
   of muscle activity  
- LBH-compensation
  (Trendelenburg vs
  Duchene  sign) 
- stability leg alignment
  during "step downs" 
- stability leg alignment
  during "running"
CRITERIA BASED REHABILITATION
RETURN TO PLAY!!!
Fig. 9.7 Example of 
functional-based 
rehabilitation
9 Principles and Limitations of Prehabilitation and Return to Play Strategies
pieter.orthopedie@gmail.com
120
• For the final assessment and documentation of 
the rehabilitation and restored physical func-
tion and performance
A conglomerate of different methods of mea-
surement is necessary to adequately assess the 
current performance after injuries in football and 
the football-specific determination of the earliest 
possible date for the reintegration of the injured 
player into the team training as well as the resto-
ration of the ability to compete. These can be 
divided into three subcategories in a first 
systematization:
 – Clinical criteria
 – Performance criteria “indoor”
 – Performance criteria “outdoor”
9.10  Clinical Return-to-Play 
Criteria
Clinical investigations of the injured biological 
structures by a physician, e.g., the reconstructed 
ligament structures of an ACL for the estimation 
of joint stability, especially the ligamentous joint 
stabilizers, have always been classical clinical 
return-to-play criteria and will continue to be in 
the future. Therefore, ambitious concepts are 
indispensable. The physician’s experience in 
terms of the posttraumatic current stress tolerance 
of the affected biological structures as well as 
their knowledge of the necessary football- specific 
stress profile plays an important role in the assess-
ment of clinical (if manually performed, semi-
objective) criteria. In practice, at least to assess 
the functional and load-bearing capacity of liga-
ments, other measurement methods, such as the 
KT-1000 arthrometer, can also be used to quantify 
the tibial shift under defined pressure and the 
evaluation of the stability of the ACL.
9.11  Peformance Criteria “Indoor”
While the clinical criteria are predominantly 
aimed at functional capability and posttraumatic 
load-bearing capacity, the performance criteria 
“indoor” for football-relevant parameters are to 
be defined to determine the physical performance 
of the injured player’s motions.
In general, dynamic measurement methods 
(such as isokinetic test systems) are preferable to 
static measurement methods to determine the 
performance of the musculoskeletal system 
because of the significantly higher prognosis 
validity. Single-joint measurements (in the so- 
called open kinetic system) provide information 
on the performance of the muscular joint stabiliz-
ers of individual joints, while multi-joint mea-
surements (in the so-called closed kinetic system) 
describe the resulting performance of the entire 
limb. A comprehensive assessment of the perfor-
mance of the musculoskeletal system always 
requires both measurement variants. At the 
moment, however, there is not yet an overarching 
and/or sport-specific consensus related to mini-
mum requirements or, for example, football- 
specific standards of the force characteristics.
The performance and the characteristics of the 
test quality criteria of complex motion analysis 
systems also vary considerably. Kinematic 
parameters (location, distance, and angle-related 
factors in the time and their parameters such as 
speed and accelerations) are synchronized with 
dynamic parameters for the determination of the 
external and internal forces acting on the move-
ment apparatus and the external forces and mea-
sured by means of measuring platforms and/or 
electromyography. However, the interpretation of 
the corresponding quantities of data and informa-
tion is complex and currently lacks scientific evi-
dence and consensus.
In addition to the criteria for assessing and 
evaluating the function and joint stability of indi-
vidual joints, measurement methods are also used 
for the qualitative and quantitative assessment of 
the physiological stability of the lower and/or 
upper limb, whereas the stability of the pelvic-leg 
axis is used in football. There are side-specific 
differences and differences in the center of inter-
est and assessment. Consensus on quantitatively 
justifiable limits, in order to allow training and/or 
competition loads again, is currently not to be 
recognized and derived. The performance of the 
pelvic axis of the pelvis, especially in the com-
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parison of unilateral performances, can be applied 
by means of jump tests with good resilience and 
performance prediction. Both vertical jumps and 
horizontal jumps can be performed. In the course 
of these tests, side-specific differences in the 
sense of posttraumatic deficits appear most 
clearly, since these single-leg tests represent very 
high stresses for the neuromuscular system.
9.12  Performance Criteria 
“Outdoor”
In addition to the previously described clinical 
measurement methods and the indoor perfor-
mance criteria, final return-to-play decisions 
also require performance criteria that closely 
approximate the physical requirement profile in 
football and should therefore be carried out 
under the customary football-specific external 
circumstances. For the assessment of the cardio-
respiratory capacity, i.e., the motor endurance, a 
distinction is made between basic endurance and 
football- specific endurance. In order to evaluate 
the basic endurance performance, run interval 
tests are performed with determination of the 
heart rate, stress intensity, and lactate content of 
the venous capillary blood at the end of the 
respective stress intervals. According to current 
threshold values, the individual aerobic and 
anaerobic threshold (IAS) can be determined on 
the basis of the results. The current training 
intensities (by means of heart rate control or run-
ning speed control) for a regeneration training 
(loads up to the aerobic threshold), training for 
the improvement of the basic endurance (stresses 
in the transition area between the aerobic and 
anaerobic threshold), and the improvement of 
the anaerobic performance (football-specific 
endurance component) can then be targeted. A 
high performance predictive value demands the 
determination of the speed of linear stereotypes 
as well as the course of typical football-specific 
cutting movements with defined directional 
changes. These can be performed with or with-
out a ball. The appropriate intermediate and total 
times are measured with sufficient accuracy by 
means of light box systems. Posttraumatically, 
the performance in the direction of the injured or 
the healthy side is of interest. A large number of 
sport-motor tests for the evaluation of agility, 
which attempt to determine the football-specific 
game situations and according stereotypic move-
ments, are described in literature. Unfortunately, 
no binding consensus has yet emerged for a foot-
ball-specific test battery, so that many institu-
tions measure with different methods. This 
makes it difficult to assess the results (sufficient 
for training/competition loads in football?) and 
makes a comparison of the test results almost 
impossible. In addition, many test variants lack 
sufficient assessment of the three main test qual-
ity criteria: validity, reliability, and objectivity. 
In addition to the currently missing football-spe-
cific solutions, there is also the question of an 
adequate assessment of the various test results as 
well as their interpretation and formulation of 
the handling sequences in the assessment of the 
training/competition loadability. In the future, 
aspects of the physical claim profile as well as 
the football-specific adaptations must be consis-
tently taken into account in the individual assess-
ment criteria and parameter- specific minimum 
expressions. In this context, the current practice 
of defining side-by-side (injured vs. uninjured 
side) deficits below 10% as adequate perfor-
mance with sufficient training/competitive resil-
ience, while deficits of injured structures over 
10% as an indicator of insufficient recovery of 
football-specific performance have to be 
rethought surely. This will lead to new decision- 
making and evaluation algorithms.
9.13  Basic Conception 
of Performance Dignostics/
Evaluation Conception
For basic analysis, it is recommended to use a 
simple test battery which can be used on field to 
be independent from test centers or other insti-
tutions. In a large undergoing prevention study 
in elite football players, Krutsch and Loose 
(data collecting) integrated tests for propriocep-
tion, jumping analysis, agility, and reaction 
(Table 9.1):
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These tests are a part of preseason screening 
for performance diagnostics and are collection 
reference data for rehabilitation.
9.14  Limitations 
of Prehabilitation 
and Return-to-Play Activities
The following limitations of current prehabilita-
tion and return to play strategies can therefore be 
viewed critically.
9.14.1  Evidence/Consensus 
of a Football-Specific 
Requirement Profile
The basis for the practical realization and imple-
mentation of the therapy strategies described 
above provides reliable information about the 
football-specific physical requirement profile. 
Only when it is known which physical perfor-
mance is necessary for successful football games 
(in the partly massive different levels of achieve-
ment), it is necessary, in the context of complex 
therapy strategies, to work the necessary physical 
performance requirements out. In this area, a 
clear increase in scientific publications can be 
observed but without a current consensus of 
physical requirements profiles in the different 
performance levels.
9.14.2  Need for “Football-Specific 
Standard Data”
In addition to the currently insufficient number of 
scientific publications on the physical requirement 
profile of different performance levels, there is 
also a need for further studies on football- specific 
characteristics of football-related performance 
data as well as physiological variations of medical 
performance data (internal medicine, orthopedic, 
traumatology, and psychological studies). This 
leads to corresponding difficulties in the evalua-
tion of evaluated parameters - regardless of the 
range of dimensions - with regard to physiological 
variance regions and football-specific characteris-
tics. To this end, the authors will carry out further 
scientific and sport- medical research in the future, 
urgently needed to conceptually institutionalize 
adequate support as well as a targeted prevention 
and to systematically demonstrate and implement 
them with appropriate targets.
9.14.3  Interpretation of Performance- 
Related Data in the Context of 
Prehabilitation and Complex 
Criteria-Based Return to Play 
Strategies
In addition to the aspects already described, the 
proper interpretation of the evaluation results of 
the individual measurement methods of reha-
Table  9.1 Components of VBG-prevention study of severe knee injuries
No. Test Category Evaluation
1 One-leg stability test Proprioception Score
2 Side-hop Jumping analysis Lateral symmetry index (LSI)
Landing error scoring system 
(LESS)-score
Ground contact time
Number of jumps (left and 
right)






4 Multidirectional Speedchase Agility and reaction Absolute time
Mean turnaround time (left/
right)
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bilitative performance diagnostics represents a 
further current limitation. Present-day publica-
tions are mainly based on the comparison of the 
injured structure in comparison to the inviolate 
contralateral structure of the other side. In this 
case, a lateral difference of 10% is regarded and 
defined as the absolute limit of the lateral differ-
ences in most cases. Depending on the number 
of parameters evaluated, these are usually 
graphically as an overview of the number of 
“tolerable” and “non-tolerable” parameters 
(Figs. 9.8, 9.9, 9.10, and 9.11).
For this purpose, it must be considered 
whether the individual parameters represent 
absolute knockout criteria or whether, according 
to a defined algorithm, a certain number of ful-
filled and unsatisfied criteria can initiate a new 
therapeutic milestone or can document a suffi-
cient playability or workability of the patient. 
According to the authors, appropriate football- 
specific adaptations (if expert consensus or 
appropriate scientific or empirical evidence is 
available) should be taken into account in the 
evaluation and interpretation of each individual 
parameter/criterion, and corresponding assess-
ment algorithms should be formulated and 
developed. This would demonstrate the poten-














Fig. 9.8 Result presentation of rehabilitative perfor-



































Left = 60°/s Right = 60°/s
Fig. 9.9 Graphic representation of resultant joint- 
specific, synergistic musculoskeletal performance, illus-
trated for single-joint measurements with a rotatory 
isokinetic system. In this example, the plots for the right 
and left sides have been superimposed to allow side-to- 
side comparisons [11]. W, work; Fmax, maximum force; 
αFmax, joint angle at which maximum torque is achieved; 
Fstart, starting force = curve rise over a specified time inter-
val from start of movement; Fexplosive, explosive 
force = force increase over a specified time interval during 
the steepest upslope until Fmax is reached; ROM, range of 
motion; tFmax, time to Fmax
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Fig. 9.10 Football-specific-related interpretation of quadriceps max. Torque: the side differences shows acceptable 

































Left = 60°/s Right = 60°/s
Extension
Left = 60°/s Right = 60°/s
Fig. 9.11 Football-specific-related interpretation of quadriceps max. Torque: the side differences shows ongoing sig-
nificant inacceptable dimensions, when the kicking leg knee is injured (actual 13% injury caused deficit) [11]
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Currently, corresponding football-specific 
results algorithms are only rudimentary in litera-
ture and papers on future research requirements.
Take-Home Messages
 1. Complex interdisciplinary return to play strate-
gies must take into account the minimum time 
limits for biological wound healing processes.
 2. The recovery of the physical performance of 
the musculoskeletal system in interdisciplin-
ary return to play strategies should be other-
wise oriented on functional criteria.
 3. Functional return-to-play criteria should be 
evaluated objectively and validly, if possible.
 4. The implementation of this return to play 
strategy is currently underway.
 5. The absence of binding valid objective return- 
to- play criteria.
 6. The outstanding scientific evidence with appro-
priate consensus-specific requirements profiles.
 7. The lack of adaptation to football-specific 
requirements.
 8. As well as through outstanding parameter- 
specific consensus at tolerable posttraumatic 
deficits (injured vs. uninjured)!
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10.1  Introduction
Most rehabilitation protocols and return-to-play 
(RTP) decisions are time-based rather than 
criterion- based [1]. However, time after injury or 
surgery alone is insufficient for determining 
rehabilitation progression and RTP readiness [2]. 
While many athletes receive RTP clearance 
approximately 6 months after anterior cruciate 
ligament (ACL) reconstruction [1], strength and 
functional deficits are prevalent at this time and 
may persist for 1 year or longer after surgery [3–
8]. Therefore, evaluating functional performance 
and other objective criteria, in addition to appro-
priate healing time frames, is essential. For over 
two decades [9], clinician-scientists at the 
University of Delaware have been implementing 
and advocating for the use of objective criteria to 
guide rehabilitation progression and RTP 
decision- making after ACL rupture and other 
knee injuries [6, 9–13].
Recent, high-quality research both from our 
cohorts and elsewhere supports and validates the 
use of our objective criteria. Notably, Grindem 
and colleagues found that, among athletes in the 
Delaware-Oslo cohort, 38.2% of those who 
failed the objective RTP criteria we present here 
sustained reinjuries within 2 years of ACL 
reconstruction, whereas only 5.6% of those who 
passed these criteria sustained reinjuries within 
the same time frame [14]. Similarly, research 
from the Aspetar Orthopaedic and Sports 
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Medicine Hospital on professional athletes after 
ACL reconstruction found that those who 
returned to team training prior to meeting the 
objective RTP criteria we present here were at a 
4.1-fold greater risk of sustaining an ACL graft 
rupture compared to those who met the criteria 
[15]. These studies [14, 15] highlight the need 
for using objective criteria in determining RTP 
clearance. This chapter will describe the 
Delaware approach to determining appropriate 
rehabilitation progression and readiness to RTP 
using objective criteria.
10.2  A Criterion-Based 
Rehabilitation Progression
Following injury or surgery and prior to consid-
ering RTP clearance, rehabilitation must occur. 
At the University of Delaware, clinicians adhere 
to a criterion-based rehabilitation that has been 
published previously in detail [9, 10]. To sum-
marize briefly these publications on rehabilita-
tion after ACL injury and reconstruction, 
rehabilitation progression is guided by achieving 
(and maintaining) clinical milestones and objec-
tive measures [9, 10, 12]. Early clinical mile-
stones include achieving a quadriceps contraction, 
walking without crutches, and attaining full and 
symmetrical knee range of motion [10, 16]. 
Development of quadriceps activation and 
strength is essential to recovery and performance 
[5, 6, 10, 14, 17–19] and may be achieved through 
both closed- and open-kinetic-chain activities 
[20, 21] as well as neuromuscular electrical stim-
ulation [19, 22]. To monitor the effectiveness of 
these interventions, quadriceps strength should 
be assessed. Clinicians should use an electrome-
chanical dynamometer to assess strength opti-
mally; when an electromechanical dynamometer 
is not available or feasible to use, however, hand-
held dynamometry with fixation and one- 
repetition maximum testing are acceptable 
alternatives, although they tend to overestimate 
the strength of the involved limb [23]. In addition 
to quadriceps strength testing, clinicians 
should monitor knee effusion and joint soreness 
to progress athletes through rehabilitation and 
also as they resume sport-specific drills and even 
competition.
10.2.1  Knee Effusion (Stroke Test)
Rehabilitation specialists should use the stroke 
test (Fig. 10.1) to assess knee joint effusion. The 
stroke test is a reliable measure that is used to 
grade the presence of effusion or intracapsular 
swelling within the knee [24]. Effusion indi-
cates underlying injury or pathology [24–26] 
and may be responsive to changes in activity, 
such as when a patient returns to ambulating in 
school without crutches, progresses closed-
chain (weight bearing) strengthening exercises 
too quickly, or begins running. We recommend, 
therefore, progression of activities only in the 
presence of minimal (i.e., trace) or no effusion 
[10, 24].
Effusion Grading Scale of the Knee Joint Based on the Stroke Test
Grade Test Result
Zero No wave produced on downstroke
Trace Small wave on medial side with downstroke
1+ Larger bulge on medial side with downstroke
2+ Effusion spontaneously returns to medial side after upstroke (no downstroke necessary)
3+
So much fluid that it is not possible to move the effusion out of the medial
aspect of the knee
Fig. 10.1 Clinicians should monitor knee effusion throughout rehabilitation using the reliable stroke test [24]. 
Reproduced from Adams et al., [10]with permission from the Journal of Orthopaedic& Sports Physical Therapy
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10.2.2  Soreness Rules
The soreness rules (Fig. 10.2) were originally 
developed by Fees et al., for weight- lifting modifi-
cation after upper extremity injury [27], but have 
since been applied to rehabilitation after lower 
extremity injury, including ACL injury and recon-
struction [10]. Following the soreness rules may 
allow for appropriate progression of activities 
without causing undue stress on the healing tis-
sues. We encourage rehabilitation specialists to 
not only use the soreness rules to determine appro-
priate clinical progression but also teach their 
patients the soreness rules so that patients may 
properly progress their home  exercise program, 
such as the running progression [10] (see below).
The soreness rules refer to joint (i.e., knee) 
soreness and not muscular soreness. Muscle sore-
ness, in contrast to joint soreness, is usually 
acceptable and often desired as a by-product of 
the training necessary to promote muscular 
strength and hypertrophy.
10.2.3  Running Progression
We recommend that athletes begin a running pro-
gression (Fig. 10.3) [10] after they achieve both 
appropriate healing time frames (i.e., ≥12 weeks 
after ACL reconstruction) and clinical impair-
ment resolution, operationally defined as full 
ROM; minimal or no effusion, pain, or joint sore-
ness; and ≥80% quadriceps strength limb sym-
metry index. The running progression consists of 
graded exposure to running through intervals of 
jogging and running that progressively lengthen 
and intensify. We recommend that all athletes, 
regardless of sport, complete the running pro-
gression prior to evaluating them for readiness to 
RTP. We also typically do not allow athletes to 
begin agility drills until they have reached at least 
level IV of the running progression [10, 13, 28].
10.3  The University of Delaware 
Objective RTP Criteria
After an athlete has progressed successfully 
though our criterion-based rehabilitation pro-
gression, we use four broad categories of criteria 
to determine readiness to RTP: clinical measures 
(resolution of impairments), functional criteria 
(strength and hop testing), patient-reported out-
come measures, and appropriate healing time. 
The following sections describe these categories 
and delineate the specific criteria.
10.3.1  Clinical Impairment 
Resolution
Achieving and maintaining resolution of clini-
cal impairments are essential to recovery and 
prerequisite to initiating and progressing sport 
Soreness Rules
Criterion Action
Soreness during warm-up that continues 2 days off, drop down 1 level
Soreness during warm-up that goes away Stay at level that led to soreness 
Soreness during warm-up that goes away 
but redevelops during session
2 days off, drop down 1 level
1 day off, do not advance program to the next level 
No soreness
Advance 1 level per week or as instructed by healthcare
professional  
Soreness the day after lifting (not muscle
soreness)  
Fig. 10.2 Clinicians should monitor and educate patients 
on using the soreness rules [10, 27] to appropriately 
progress rehabilitation and sports-related activities. 
Reproduced from Adams et al., [10]with permission from 
the Journal of Orthopaedic& Sports Physical Therapy
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activities or providing RTP testing or clearance. 
We do not consider evaluating athletes for RTP 
clearance until they can run and participate in 
other functional activities while maintaining 
minimal or no effusion, no joint soreness, and 
full ROM. We do, however, encourage clini-
cians to monitor strength, patient-reported out-
come measures, and appropriate functional 
activities throughout rehabilitation. Examples 
of functional activities to monitor during reha-
bilitation include gait and stair climbing during 
the early and intermediate postoperative peri-
ods, squatting technique and running form dur-
ing the late postoperative periods, and 
drop-jump landing and hop testing during the 
return-to-sport phase as well as at functional 
testing and follow-up. Once athletes have com-
pleted postoperative rehabilitation and main-
tained clinical impairment resolution, 
rehabilitation specialists should evaluate them 
on the following objective criteria to determine 
readiness to RTP.
10.3.2  Functional Criteria
10.3.2.1  Quadriceps Strength Index
Quadriceps strength deficits of 20% or more at 6 
months and 10–15% at 1 year after ACL 
 reconstruction are common [29]. Quadriceps 
weakness affects gait asymmetries [5, 30–32], 
functional impairments [18], and reinjury risk [14, 
15]. We recommend, therefore, that athletes 
achieve symmetrical quadriceps strength, opera-
tionally defined as the involved limb’s strength 
being ≥90% of the uninvolved limb’s strength, 
prior to returning to sport. We use an electrome-
chanical dynamometer and electrical burst super-
imposition technique to assess isometric 
quadriceps strength. This technique can also be 
used without the superimposed stimulation. 
Athletes sit securely with their knees flexed to 
approximately 60° (Fig. 10.4). The uninvolved 
limb is tested first followed by the involved limb. 
After warming up, such as stationary cycling fol-
lowed by submaximal isometric quadriceps 
Running Progression*
Level Treadmill Track
Level 1 0.1-mi walk/0.1-mi jog, repeat 10 times Jog straights/walk curves (2 mi)
Level 2 Alternate 0.1-mi walk/0.2-mi jog (2 mi)
Jog straights/jog 1 curve every other lap (2 mi)
Level 3 Alternate 0.1-mi walk/0.3-mi jog (2 mi) Jog straights/jog 1 curve every lap (2 mi)
Level 4 Alternate 0.1-mi walk/0.4-mi jog (2 mi) Jog 1.75 laps/walk curve (2 mi)
Level 5 Jog full 2 mi Jog all laps (2 mi)
Level 6 Increase workout to 2.5 mi Increase workout to 2.5 mi
Level 7 Increase workout to 3 mi Increase workout to 3 mi
Level 8 Increase speed on straights/jog curves
*Progress to next level when patient is able to perform activity for 2 mi without increased effusion or
pain. Perform no more than 4 times in 1 week and no more frequently than every other day. Do not
progress more than 2 levels in a 7-day period. Conversion: 1 mi = 1.6 km.   
Alternate between running/jogging every
0.25 mi 
Fig. 10.3 Athletes should initiate a running progression prior to participating in higher-level activities. Reproduced 
from Adams et al., [10]with permission from the Journal of Orthopaedic & Sports Physical Therapy
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contractions on the dynamometer, athletes per-
form a maximal volitional isometric contraction 
(MVIC) with and without burst superimposition 
[33, 34]. The burst superimposition technique 
enables clinicians to calculate inhibition [35] and 
helps to ensure maximum effort by the athlete dur-
ing testing, particularly of the uninvolved limb.
Isokinetic testing at angular speeds of 60°/s 
[14] or 60°/s, 180°/s, and 300°/s [15] using an 
electromechanical dynamometer is also a valid 
and reliable technique to measure quadriceps 
strength. If clinicians do not have access to an 
electromechanical dynamometer, the best 
approximation of these gold standard measures 
is a one-repetition maximum (1-RM) on a knee 
extension machine [23]. Patients should be 
seated in a standard leg-extension machine (with 
their hips and knees flexed to 90°), with the pad 
of the resistance arm placed just proximal to the 
ankle joint. The femur or pelvis need not be fixed 
to the knee extension machine for the 1-RM 
tests, but participants can use the handles for sta-
bilization. The 1-RM method is simple and 
accessible but slightly underestimates strength 
compared to isometric testing. Instead of using a 
90% threshold for symmetry with the one-repeti-
tion maximum testing method, we recommend 
that the RTP threshold for the athlete’s involved 
limb strength equals or exceeds the uninvolved 
limb strength [23].
10.3.2.2  Single-Leg Hop Testing
Single-leg hop tests were described by Noyes 
et al. in 1991 [36] and have been used exten-
sively to evaluate functional performance and 
limb symmetry after lower extremity injury. A 
6 m by 15 cm tape affixed to a floor or flat ath-
letic surface is used to evaluate single-leg hop 
performance. Athletes perform a series of four 
single-leg hop tests in the following order: (1) 
single hop for distance, (2) crossover hop for 
distance, (3) triple hop for distance, and (4) 6 m 
timed hop (Fig. 10.5). For each test, athletes per-
Fig. 10.4 Quadriceps strength limb symmetry index 
(LSI) is evaluated on an electromechanical dynamometer 
during a maximum volitional isometric contraction 
(MVIC) with an electrical burst superimposition tech-
nique [33] to assess activation of the quadriceps. Athletes 
must achieve ≥90% quadriceps strength LSI to meet the 
strength component of the Delaware RTP criteria
Single Hop X-Hop Triple Hop Timed Hop
Fig. 10.5 Athletes perform a series of four single-leg 
hop tests [36] in the following order: 1) single hop for 
distance, 2) crossover hop (X-hop) for distance, 3) triple 
hop for distance, and 4) 6 meter timed hop. Hop tests are 
used to evaluate functional performance and symmetry, 
and athletes must achieve ≥90% LSIs on each of the four 
hop tests for RTP clearance. Reproduced from Adams 
et al., [10]with permission from the Journal of 
Orthopaedic& Sports Physical Therapy
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form two practice hops followed by two recorded 
hops per limb, beginning with the uninvolved 
limb. For a trial to count for any of the three hops 
for distance, the athlete must “stick” the landing 
safely and without moving his or her landing 
foot, excessive body sway, or touching the con-
tralateral lower extremity or either upper extrem-
ity to any surface or support. For the 6 m timed 
hop, the athlete begins behind the starting line 
standing on only the foot being tested; the ath-
lete hops as quickly as safely possible across the 
6 m testing strip, and the tester records the time 
from when the heel of the foot being tested 
leaves the floor until the heel of the same foot 
passes the 6 m mark. Interlimb comparisons are 
calculated using a limb symmetry index (LSI) 
for each test.
10.3.2.3  Limb Symmetry Indexes
Interlimb asymmetries are ubiquitous early after 
ACL injury and reconstruction and often persist 
in strength and functional activities such as walk-
ing and running for several months to even years 
after surgery [3, 5–8, 14, 37–39]. Therefore, to 
evaluate recovery of function, we contend that it 
is essential to compare the involved limb to the 
uninvolved limb. Although we typically make 
concurrent interlimb comparisons, comparisons 
to pre-injury data may be even more sensitive to 
detecting risk for second injury [40]. If football 
teams have preseason or pre-injury testing data, 
rehabilitation specialists should ideally compare 
the involved limb’s post-injury or postsurgical 
data to the uninvolved limb’s data at both the 
same testing session as well as pre-injury or 
presurgery.
We calculate limb symmetry indexes to evalu-
ate functional performance for both quadriceps 
strength and each of the four single-leg hop tests. 
LSIs are calculated by dividing the involved limb 
by uninvolved limb value and multiplying by 
100% for strength and the single, crossover, and 
triple hop tests; the LSI for the 6 m timed hop is 
calculated by dividing the uninvolved by involved 
limb value and multiplying by 100% because a 
faster (lower) time indicates better performance, 
whereas higher values for strength and distance 
hopped indicate better performance. Athletes 
must obtain at least 90% LSI for quadriceps 
strength and each of the four single-leg hop tests 
to meet the Delaware functional performance cri-
teria for RTP clearance.
10.3.3  Patient-Reported Outcome 
Measures
10.3.3.1  Knee Outcome Survey- 
Activities of Daily Living 
Subscale
The Knee Outcome Survey-Activities of Daily 
Living Subscale (KOS-ADLS) is a patient-
reported outcome measure used to assess knee 
function during activities of daily living [41]. The 
KOS-ADLS is reliable, valid, and responsive 
[41]. The KOS-ADLS allows patients to rate the 
effect of knee symptoms (e.g., pain, stiffness, 
swelling, and weakness) and functional disability 
on their abilities to perform activities of daily liv-
ing, such as walking, stair climbing, kneeling, or 
rising from a chair. Scores range from 0% (mini-
mum) to 100% (maximum) with 100% indicating 
no limitation in knee function during activities of 
daily living. Athletes must score 90% or higher 
on the KOS-ADLS prior to RTP clearance [6, 9–
11, 13, 28, 37, 42].
10.3.3.2  Global Rating Scale 
of Perceived Function (GRS)
The Global Rating Scale of Perceived Function 
(GRS) consists of a single item, whereby patients 
rate their overall current knee function compared 
to their previous (i.e., before injury) knee func-
tion on a scale from 0 to 100% [17]. A score of 
zero represents a complete inability to perform 
Fact Box 1 LSI calculation
Limb symmetry index = (involved limb 
value/uninvolved limb value) × 100%
Note that this is true for quadriceps 
strength index and the three single-leg hops 
for distance but that the 6 m timed hop LSI 
calculation is reversed (i.e., [uninvolved/
involved] × 100%).
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pre-injury activities, while a score of 100 indi-
cates full recovery of function. Athletes must 
score 90% or higher on the GRS, in conjunction 
with the aforementioned criteria, to receive RTP 
clearance [10].
10.3.4  RTP Time Frames
Clearance for returning to sport has often been 
granted to athletes between 4 and 9 months after 
ACL reconstruction [1]. Early return to sport, 
however, places athletes at high risk of reinjury 
[14, 42–45], even when they achieve objective 
RTP criteria [14, 42]. Recent evidence indicates 
that there is a 51% increase in reinjury risk for 
each month that an athlete returns to sport prior 
to 9 months after ACL reconstruction; moreover, 
this trend of increased risk of reinjury persisted 
up to 12 months after surgery, although it was no 
longer statistically significant beyond 9 months 
[14]. Given the high risk of second ACL rupture, 
particularly among young athletes [44–52] and 
those who return to level I [53, 54] sports [46, 
48, 51], such as football, delaying RTP clearance 
until at least 9 months or longer is strongly 
advised—especially in these high-risk cohorts.
10.4  Validation of the Delaware 
RTP Criteria
While adhering to the Delaware RTP criteria 
could have previously been considered level V 
evidence or “expert opinion,” recent evidence 
[14, 15] validates our approach. Grindem and 
colleagues [14] prospectively evaluated the effect 
of passing or failing our seven RTP criteria prior 
to returning to sport on reinjury risk among 100 
athletes in the Norwegian arm of the Delaware-
Oslo cohort. Athletes who passed all seven of our 
RTP criteria prior to returning to sport were 84% 
less likely to sustain a reinjury within 24 months 
of ACL reconstruction. Returning to level I sports 
prior to 9 months after surgery and failing to 
achieve 90% quadriceps strength LSI prior to 
returning to level I sports, such as football, were 
independent risk factors for reinjury [14].
A study by Kyritsis et al. [15] also supports 
the use of our objective criteria for evaluating 
readiness to RTP after ACL reconstruction. These 
authors used our criteria (isokinetic quadriceps 
strength >90% at 60°/s and LSIs of >90% for the 
single, triple, and crossover single-leg hop tests) 
plus the graded RTP progression and an addi-
tional test, running t-test performance in <11 s. 
Failing to meet all six of these criteria before 
returning to team training placed athletes at a 4.1 
times greater risk (p ≤ 0.001) of sustaining an 
ACL graft rupture among 158 professional ath-
letes, 105 of whom played football [15].
10.5  The Gradual RTP Progression
When an athlete passes all of the University of 
Delaware RTP criteria (Fig. 10.6), he or she does 
not return immediately to unrestricted sports par-
ticipation and competition. Rather, the athlete 
begins a gradual RTP progression. During this 
progression, athletes begin by performing indi-
vidual sport-specific drills prior to initiating 
unopposed team drills followed by opposed indi-
vidual and then team drills, full team practice, 
scrimmages, and finally unrestricted competition 
[10, 13, 28, 55]. This progression typically occurs 
over a period of 2 or 3 months but may be shorter 
or longer depending on the time left until the 
competitive sport season as well as the athlete’s 
time from surgery, age, skill level, history of 
injury, and other factors. Readers interested in 
more detailed advice on gradual RTP guidelines 
Fact Box 2 RTP criteria
To receive RTP clearance, athletes must 
meet objective criteria (i.e., ≥90% quadri-
ceps strength index, ≥90% LSI on all four 
single-leg hop tests, ≥90% KOS-ADLS, 
and ≥90% GRS) and appropriate healing 
time frames (i.e., ≥9 months after primary 
ACL reconstruction).
10 Return-to-Play Criteria: The Delaware Experience
pieter.orthopedie@gmail.com
134
specific to football may consult work by Arundale 
and colleagues [55], who describe an interval 
kicking progression and RTP progression.
10.6  Summary
In this chapter, we present the Delaware 
approach to determine readiness to return to 
play. We discuss our criterion-based rehabilita-
tion progression, the objective criteria we use to 
determine RTP clearance, and our gradual RTP 
progression. Athletes must first meet clinical 
milestones, resolve their impairments, and dem-
onstrate an ability to maintain impairment reso-
lution while completing a running progression 
and agility drills. Athletes then undergo our 
RTP testing battery, consisting of quadriceps 
strength testing, four single-leg hop tests, and 
two patient-reported outcome measures, the 
KOS-ADLS and GRS. Only when athletes 
achieve 90% or higher values on all RTP crite-
ria, including LSI for quadriceps strength and 
all four single-leg hop tests and scores on the 
KOS-ADLS and GRS, as well as appropriate 
healing time frames or ≥9 months after primary 
ACL reconstruction, do they receive RTP clear-
ance. After receiving RTP clearance, athletes 
progress gradually from individual and unop-
posed team drills to opposed drills, full prac-
tices, scrimmages, and eventually unrestricted 
competition. Using the Delaware approach may 
facilitate clinical decision-making among 
healthcare practitioners and reduce substantially 
the reinjury risk [14, 15] among the athletes 
they treat.
Take-Home Message
We recommend that athletes meet objective crite-
ria, including ≥90% quadriceps strength LSI, 
≥90% LSI on all four single-leg hop tests, ≥90% 
KOS-ADLS, and ≥90% GRS, and appropriate 
Fact Box 3 RTP progression
After receiving RTP clearance, athletes 
progress gradually through a RTP progres-
sion (individual drills, unopposed team 
drills, opposed individual and team drills, 
full practice, and scrimmages) prior to 
unrestricted participation in competition.
Category Criteria
Functional Measures ≥90% LSI for Quadriceps Strength
≥90% LSI for All Four Single-Leg Hop Tests [37]:
Single Hop for Distance
Crossover Hop for Distance
Triple Hop for Distance




≥90% GRS [2, 15]
Time after Surgery ≥9 Months after Primary ACL Reconstruction [17]
Abbreviations: RTP: Return-to-Play; ROM: range of motion; LSI: limb symmetry index; KOS-ADLS:
Knee Outcome Survey-Activities of Daily Living Subscale; GRS: Global Rating Scale of Perceived
Function; ACL: anterior cruciate ligament  
Clinical Measures (Impairment
Resolution) 
Trace or Less Effusion: #24, (Sturgill et al., 2009)
No Pain or Joint Soreness: #10 (Adams et al., 2012) and #27 (Fees et al., 1998)
Hop Tests: #36 (Noyes et al., 1991)
KOS-ADLS: #41 (Irrgang et al., 1998)
GRS: #10 (Adams et al., 2012) and #17 (Gardinier et al., 2014)
9 Months after Primary ACL Reconstruction: #14 (Grindem et al., 2016)
Fig. 10.6 The Delaware RTP criteria
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time frames (i.e., ≥9 months after primary ACL 
reconstruction) prior to receiving RTP clearance. 
Athletes should then progress gradually through 
a RTP progression—consisting of individual 
drills, unopposed team drills, opposed individual 
and team drills, full practice, and scrimmages—
prior to unrestricted participation in competition.
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11.1  Return to Play in Football: 
The Norwegian Model
Although the health benefits of regular physical 
activity are well documented, injury must be rec-
ognized as a significant “side effect” of sports. In 
fact, every sixth injury treated in Norwegian hos-
pitals is caused by sports. To promote physical 
activity effectively, we have to deal profession-
ally with the health problems of the active patient. 
This obviously means providing effective care 
for the injured patient but also actively promoting 
injury prevention measures.
In Norway, soccer and team handball account 
for more injuries than other sports—33% of all 
sports injuries occur while playing soccer, while 
12% result from team handball. This does not 
necessarily mean that soccer and team handball 
are the most dangerous sports but also reflect 
their status as the most popular participation 
sports in Norway.
All injuries are not serious, but soccer and 
team handball—as well as alpine skiing—lead to 
an alarmingly high rate of serious knee injuries, 
especially anterior cruciate ligament (ACL) inju-
ries. A women’s elite team handball is likely to 
lose one player each season to an ACL injury. 
These injuries are a serious concern, not only 
since they cause a significant time loss from sport 
and work but above all because they lead to a sig-
nificant increase in the risk of early osteoarthro-
sis. Unfortunately, it seems that not even modern 
surgical reconstruction methods can prevent 
future disability after an ACL injury.
Our ability to prevent injuries has been seri-
ously hampered by our lack of understanding of 
the mechanisms causing injury. In particular, we 
have had little information on how to prevent 
serious knee injuries or preventive measures 
which can be implemented in the most popular 
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Norwegian sports. Recent years have shown 
progress to the extent where serious knee injuries 
in these sports are reduced by 50%.
Research on sports injury prevention has been 
scarce, and the information we have had has typi-
cally been obtained from descriptive projects out-
lining injury incidence, patterns and severity. 
However, these studies have not been designed to 
provide in-depth information on injury mecha-
nisms and risk factors—information which is 
needed in order to propose relevant preventive 
measures. A concerted long-term research effort 
on risk factors, injury mechanisms and preven-
tion programmes is required.
Based on this background, the Oslo Sports 
Trauma Research Center (OSTRC) was estab-
lished at the Norwegian School of Sport Sciences 
in May 2000. The OSTRC is a joint venture 
between Oslo Orthopaedic University Clinic and 
The Norwegian University of Sport and Physical 
Education, and the centre is financed by the Royal 
Norwegian Ministry of Culture, the Norwegian 
Olympic Committee and Confederation of Sports, 
Norsk Tipping AS and Pfizer AS.
The main objective has been to develop a 
long-term research programme on injury preven-
tion (including studies on basic epidemiology, 
risk factors, injury mechanisms and intervention 
studies). The programme focuses on the largest 
Norwegian sports (in terms of injuries), i.e. soc-
cer, team handball and alpine skiing, and on the 
most common (e.g. ankle, hamstrings) and seri-
ous injuries (e.g. ACL). Professor Roald Bahr 
and Professor Lars Engebretsen chair the 
OSTRC, and it has produced >40 PhDs and post-
doctoral students with a multidisciplinary back-
ground (medical doctors, sports scientists, 
physiotherapists and biomechanists). As research 
on prevention of injuries from our group has been 
published over the globe, strategies for imple-
mentation of the new knowledge have been 
developed. With support from IOC and industry, 
two new apps, Get Set (English language that 
will be expanded to eight languages) and 
Skadefri, have been developed to help athletes 
prevent injuries in various sports all within the 
Olympic framework and to help the athletes be 
ready for return to play (Fig. 11.1).
Almost simultaneously, The Norwegian 
Research Center for Active Rehabilitation was 
started (2003) by May Arna Risberg PT, PhD, 
and strategic cooperation has led to many joint 
ventures between the two groups. The result of 
this has been new knowledge on prevention and 
rehabilitation methods based on translational and 
clinical research.
Returning footballers safely to full participation 
and matches after an injury is a challenging task for 
the medical support team. Recent publications 
highlight the importance of multi- professional col-
laboration and shared decision-making throughout 
the final stages of rehabilitation [1, 2].
Norwegian Sports Medicine clinicians and 
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Fig. 11.1 Picture showing some of the sports represented 
in the Get Set app
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the development of modern rehabilitation algo-
rithms and functional return to play testing [3–
5]. Sports injury rehabilitation is a dynamic, 
structured process that primarily aims to restore 
the injured athlete’s function and performance 
level. Furthermore, athletes desire a quick 
return to sport, highlighting the second aim of 
the medical team, which is to return the athlete 
to sports participation in a safe and timely man-
ner—with minimal risk of reinjury. Furthermore, 
previous injury is an important known risk fac-
tor for sports injury [6–8], and active structured 
rehabilitation is a critical part of returning play-
ers to play in a safe manner. Safe return to sport 
usually indicates that the athlete can return to 
their previous performance level with the low-
est possible risk of a reinjury. Studies do how-
ever show that the reinjury rates are high 
particularly when it comes to hamstring inju-
ries [9, 10], ACL injuries [11–13] and ankle 
injuries [14, 15]. Of utmost concern are the 
possible negative long-term health effects that 
have been documented following knee menis-
cus and ligament injuries [16, 17]. Already in 
2005, Myklebust and Bahr [18] commented on 
the high number of athletes who never return to 
sport after an ACL injury and also highlighted 
the importance of discussing the possible long-
term detrimental effects returning to sport after 
an ACL injury may have. The relatively low 
return to sport rate following ACL injury has 
been thoroughly documented in the latter years 
by Ardern et al. [19–21], although male profes-
sional football players are more frequently 
returning to their previous performance level 
[22]. Furthermore, the individual players’ like-
lihood of returning to play is influenced by psy-
chological factors that should be included in the 
return to play assessment [23, 24]. The rate of 
returning to sport is likely also influenced by 
the structure and quality of the rehabilitation, 
which have been shown in a Norwegian study 
[3]. Grindem et al. documented that a combined 
preoperative and post-operative rehabilitation 
protocol supervised by experienced sports 
physiotherapists led to significantly better knee 
function and return to sport rates compared to 
patients who received usual care.
The basis of sports injury rehabilitation is a 
gradually progressed targeted exercise pro-
gramme, where the return to play decision is the 
natural culmination. Modern sports injury reha-
bilitation is progressed through phases based on 
sound clinical reasoning, sequenced functional 
achievements and the completion of functional 
milestones [25, 26]. Furthermore, knowledge of 
tissue-specific biological healing processes 
should be respected and will sometimes dictate 
parts of the progression timeline. Exercise pre-
scription, communication and clinical reasoning 
are core skills for clinicians involved in rehabilita-
tion of sports injuries [27]. Although most experi-
enced clinicians probably are subconsciously 
following a progression model through rehabilita-
tion, few theoretical models have been published 
[26]. Exercise therapy acts at the local tissue level 
and in the central nervous system. Weighted load-
ing may be used through mechanotransduction as 
a direct injury treatment (mechanotherapy) [28] 
or to unload injured tissue via altered movement 
and muscle activation patterns.
In the final phases of rehabilitation, the ath-
lete is guided towards returning to participation 
in sports. More traditional strength and condi-
tioning training is usually incorporated with 
addition of more complexity and velocity and 
increasing emphasis on higher rates of force 
development. Physical conditioning in the gym 
will be similar to preseason training for the spe-
cific sport, although a majority of exercises 
should still be unilaterally focused to stimulate 
adaptation and reverse any pending impairments 
(Fig. 11.2).
Safe return to play is sometimes challenging 
due to pressure on the medical team from the ath-
lete, coach, parents, team management and other 
stakeholders to return athletes to competition pre-
maturely. Regardless of the circumstance, the 
medical team is obliged to ensure that the athlete’s 
long-term health is not compromised by prema-
ture return to sport, which may have serious con-
sequences. Over the past decade, we have 
experienced that the majority of pressure can be 
reduced if the early rehabilitation protocols 
include a consensus predefined sport-specific 
functional return to play test battery. Test 
11 Return to Play Criteria: The Norwegian Experience
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batteries that assess the status of the athlete in dif-
ferent function levels are advised following most 
sports injuries to ensure that the athlete is fit to 
return to sport with minimal risk of reinjury [1, 
29–34]. Unfortunately, the scientific backing 
regarding content and cut-off limits for these bat-
teries are still lacking for most injuries. The evi-
dence regarding cut-off limits has been most 
evaluated for return to play following ACL recon-
structions. High-quality prospective studies from 
Qatar [35] and Norway [36] strongly indicate that 
returning to play after passing a battery of func-
tional tests significantly reduces the risk of rein-
jury. In short, the batteries include muscle strength 
tests, single- legged hop tests, patient-reported 
outcome measures and a progressive sport-spe-
cific rehabilitation period. The sport-specific 
rehabilitation should include the completion of 
specific parts of team training sessions without 
symptoms during or after training. Likewise, 
return to match play is structured progressively 
with 15 min as substitute in the first match with 
increasing playing time in subsequent matches. 
Importantly, sufficient time from injury or surgery 
has to be provided so that the necessary biological 
healing can be optimal before returning to match 
play. Again Grindem et al. have demonstrated that 
the risk of a second knee injury is reduced with 
51% for each month from 6 to 9 months following 
an ACL reconstruction [36].
Another important task for the clinician will 
be to monitor the overall load on the previously 
injured and healing structures, which again calls 
for close collaboration and clear communication 
with coaches and strength and conditioning pro-
fessionals. Thus, a player is usually returned to 
matches when the specific criteria in Fig. 11.3 
have been passed. Additional advice related to 
progression in match play is to limit availability 
of the player to maximum one match per week 
during the first 2 months with increasing playing 
time, i.e. 15 min → 30 min → 45 min → 60 
min → 75 min → 90 min.
At the top athlete level, the Norwegian Olympic 
Training Center (Olympiatoppen) and the Oslo 
Fig. 11.2 Late-phase rehabilitation exercise with athlete 
following knee injury
Delaware–Oslo prospective cohort of 106 
ACL reconstructed patients (Grindem et al. 
[36]):
 – Patients who had passed return to sport 
test battery with quadriceps strength 
>90% of uninjured side had 5.6% sec-
ondary knee injuries compared to 32.7% 
in those who had not.
 – Patients who returned to level I sport 
had 4.3 times higher risk of new knee 
injury compared to those who returned 
to a lower level.
 – Patients who returned to sport earlier 
than 9 months after ACL reconstruction 
had 39.5% new knee injuries compared 
to 19.4% in those who returned more 
than 9 months after surgery.
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Sports Trauma Research Center have developed 
and initiated a screening and monitoring pro-
gramme to optimize health care for Olympic ath-
letes [37]. The programme runs continuously with 
enrolment of summer and winter athletes 2 years 
prior to every Olympic Games since London in 
2012. The programme consists of two pillars. 
(Pillar I) Weekly, athlete reported health monitor-
ing by use of a smartphone app connected to an 
online database to which Olympic medical support 
teams have access. The biggest challenge in injury 
registration and monitoring is overuse injuries and 
illnesses, which have traditionally been underre-
ported; however, new methodology ensures pro-
spective collection of such data including the injury 
burden [38]. (Pillar II) Annual medical and muscu-
loskeletal screening includes functional perfor-
mance tests. The main reason for including 
functional performance tests is to establish baseline 
measurements when athletes are injury-free and 
healthy. These consecutive baseline measurements 
enable an overview and yearly assessment of phys-
ical development but also importantly serve as 
milestones with regard to return to play testing fol-
lowing subsequent injury. Thus, the test batteries in 
different sports are sport specific to optimize the 
validity related to return to sports assessments and 
injury patterns discovered during the continuous 
health monitoring. Structured performance and 
physical conditioning testing is already common in 
Norwegian male (professional) and female (semi-
professional) football clubs. However, consecutive 
benchmarking in return to play tests and health 
monitoring is less frequent and may be developed, 
as the experiences from the Olympic programme 
will be shared in the future.
Sports medicine in Norway is mostly per-
formed as a collaboration between sports medi-
cine physicians, orthopaedic surgeons and 
specialized sports physiotherapists. Sports and 
conditioning trainers are increasingly involved 
particularly in professional sports. Both private 
and public services are used. Traditionally, the 
socio-democratic structure of health coverage 
with cost-free services for all inhabitants has 
been the basis throughout rehabilitation pro-
cesses. As an exception, the top athletes have 
access to a multidisciplinary team through the 
designated Olympic Training Centre. However, 
during the past 5–10 years, public funding has 
been decreased. Consequently, sports insurance 
coverage of treatment and rehabilitation has been 
vastly developed and improved. Thus, all people, 
at all levels, who suffer a sports injury in training 
or competition, are guaranteed qualified treat-
ment through the compulsory yearly participa-
tion licence. The individual cost to fund this 
insurance coverage is approximately 150 Euros 
per year.
11.2  Return to Football: Two Case 
Examples
The first case example is a female semi- 
professional football player from a top-three 
team in Norway. The player (born 1998) suffered 
an ACL injury to her left knee in August 2013. 
She underwent ACL reconstruction with a patel-
lar tendon graft and returned to full participation 
in matches 11 months later. Subsequently she 
ruptured the ACL in the right knee during a train-
ing session playing with boys in December 2015. 
She underwent ACL reconstruction of the liga-
ment with a patellar tendon graft in February 
2016 and a concomitant partial resection of the 
posterior horn of the lateral meniscus. There was 
no indication of cartilage injury during the proce-
dure. Post-operative rehabilitation was performed 
with the physiotherapist in the club with addi-
tional unsupervised sessions in the gym. From 
phase 2 rehabilitation, the weekly structure was 
periodization with six sessions per week includ-
ing two muscle strength sessions, two functional 
Return to Sport criteria
Muscle strength measurements > 90%
Hop tests > 90%
    With adequate strategy and quality
Performed gradual increase in sport specific
training with adequate movement patterns
and without pain, effusion or fear of re-injury
Fig. 11.3 Return to sport criteria following knee injury
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stability sessions and two endurance sessions. A 
rehabilitation specialist was consulted every 
fourth week during the entire rehabilitation 
period. Functional tests consisting of the pre-
defined return to play tests were performed 6, 8 
and 10 months after the surgical procedure. 
Results are seen in Figs. 11.4, 11.5 and 11.6. 





















Fig. 11.4 Case 1: 
female soccer player 
with bilateral 
ACL. Countermovement 


















Fig. 11.5 Case 1: 
female soccer player 
with bilateral 
ACL. Maximum 




















Fig. 11.6 Case 1: 
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individual technical basic training parallel with 
the team every second day while still maintaining 
focus on strength and conditioning of the oper-
ated leg. The team physiotherapist designed the 
on-field rehabilitation in collaboration with the 
head coach. Subsequent to the 8-month test, she 
was permitted participation in a shielded position 
during parts of selected team training sessions, 
while continuing individual technical training 
and unilateral power-focused strength training. 
The 10-month test was performed late December 
2016 after the winter break, and the current pro-
gression plan is full participation in three team 
sessions during January 2017. Unless symptoms 
of effusion, pain and insecurity appear during the 
next month, she will increase the number of ses-
sions in February and is scheduled for gradual 
return to match play from March 2017.
The second case example is a male profes-
sional football player from a top-three team in 
Norway. The player (born 1992) ruptured his left 
Achilles tendon during a match early in March 
2015. He underwent surgical repair with an open 
technique 3 days later in a public hospital with a 
specialized orthopaedic surgeon. Post-operative 
rehabilitation was performed in accordance with 
the accelerated protocol published by Olsson 
et al. (2013) [39]. Day-to-day rehabilitation was 
performed with the physiotherapist in the club, 
supplemented by monthly consultations with a 
rehabilitation specialist in Oslo. The final phases 
of rehabilitation were structured based on func-
tional milestones during rehabilitation and results 
of validated functional tests performed 16 and 















Fig. 11.7 Case 2: male 
soccer player with 
Achilles tendon rupture. 
Average jump 
coefficient (flight time/


















Fig. 11.8 Case 2: male 
soccer player with 
Achilles tendon rupture. 
Total work (Joule) 
performed in muscular 
endurance test with 
single-leg heel rises to 
failure/exhaustion
11 Return to Play Criteria: The Norwegian Experience
pieter.orthopedie@gmail.com
146
The figures illustrate a significant improve-
ment on the operated side during the 4 weeks of 
final phase rehabilitation but are also in line with 
the findings of Olsson et al. who describe signifi-
cant deficits in functional leg symmetry indexes 
up to 12 months after surgical repair of Achilles 
tendon ruptures. The player returned to restricted 
football practice 13 weeks after treatment with 
continuous rehabilitation focused on force pro-
duction and rate of force development. He partici-
pated in full unrestricted team practice in week 23 
and had his first match appearance 28 weeks after 
surgical treatment. He played his first 90-min full 
match 36 weeks after surgical treatment and is 
still playing at the highest national level.
Take-Home Message
• The return to play decision should be made 
over time with a multidisciplinary approach to 
predefined criteria.
• Knowledge on the prevention of football inju-
ries is growing and must be implemented bet-
ter in structured training.
• Involve players in return to play decisions and 
provide evidence-based information on long- 
term consequences.
• Periodical health evaluations should include 
functional tests to benchmark function in 
probable return to play test batteries.
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12.1  History of Brazilian Football
Football is the most popular sport in Brazil and 
the world. There are over 240 million amateur 
football players and at least 200,000 professional 
players on the planet. Despite the huge growth of 
women’s football in recent years, 80% of football 
players are male [1, 2].
Brazil is known as the “country of football”, 
but the history of the sport in the South American 
nation is relatively recent.
There are several accounts of the arrival of 
football and the beginning of the sport in Brazil. 
However, the best-known and accepted version is 
that the first ball was brought from England in 
1894 by Charles William Miller. Charles Miller 
was born in São Paulo, Brazil, in 1874. Son of a 
Scottish father and Brazilian mother, Miller went 
to study in the United Kingdom at the age of 10. 
When he returned to Brazil in 1894 to work with 
his father at the São Paulo Railway Company, 
Miller brought in his luggage two deflated balls, 
a pair of football boots, a book with the rules of 
football, and used uniforms.
The first organized football match in Brazil 
took place in the following year, 1895, between 
the employees of the Gas Company of São Paulo 
and the São Paulo Railway Company. The São 
Paulo Railway Company, the team of Charles 
Miller, won by a score of 4–2.
The São Paulo Athletic Club was the first soc-
cer team of Brazil, formed in 1894 by Charles 
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Miller. The first club dedicated only to football 
was the Sport Club Internacional (São Paulo), 
founded in 1899 and now defunct. The Sport 
Club Rio Grande is considered the earliest foot-
ball club founded in Brazil that remains active. In 
honor of that club, its founding date, July 19, has 
been designated “Football Day.” The profession-
alization of sports in Brazil did not occur until the 
1920s and 1930s, and football was considered a 
sport practiced only by members of the country’s 
elite.
The World Cup contests began in 1930 in 
Uruguay. Brazil is the only nation to have partici-
pated in all World Cups and to have won five 
championship trophies in the most important 
football championship worldwide. The country 
has also hosted this tournament twice. Currently, 
Brazil has approximately 800 clubs and 30,000 
professional football players. The national cham-
pionship of professional football in Brazil has 
four divisions that play practically year-round 
and in most of the country’s states.
12.2  Epidemiology of Injuries
The risk of injury in professional football is 
high. Studies have shown that the risk of injury 
among professional football players is 1000 
times higher than that among industry workers 
[3]. As a sport, football has undergone many 
changes in recent years, mainly owing to the 
increasing physical demands, which force ath-
letes to work close to their physical limits, pre-
disposing them to injury. In Brazil we have 
excess games and training, which make athletes 
more prone to muscle, ligament, and osteoarticu-
lar injuries [4].
The incidence of soccer injuries is estimated at 
approximately 10–25 injuries per 1000 h of prac-
tice. Several studies have been published in recent 
decades describing the incidence and causes of 
injury in soccer. Currently the main goal of foot-
ball medicine is the prevention of injuries, thus 
increasing the safety of athletes in the practice of 
sports. However, to carry out efficient preventive 
work, a thorough knowledge of the epidemiology 
of sports injuries is necessary [5].
In Brazil, the earliest epidemiological studies 
of soccer injuries emerged in the 1990s. Cohen 
et al. described the injuries that occurred in the 
matches of eight Brazilian soccer clubs over a 
period of 2 years and concluded that most inju-
ries occurred in midfield and forward players, 
with muscle injuries being the most common. 
Most orthopedic injuries in soccer were mild and 
players returned to the sport within 7 days. In that 
study, 12% of injuries occurred in the knee, with 
sprains and bruises being the most common inju-
ries in this joint [4].
Brazil is a country of continental size and 
tropical climate. After these first studies, we 
began to question whether these national differ-
ences might influence the pattern of injuries rela-
tive to soccer in European countries and other 
regions of the world. Thus, Arliani et al. described 
a national model for conducting epidemiological 
studies in soccer using standards previously 
established by FIFA. Their study presented new 
classifications for distances traveled to game 
locations and a new division in the classification 
of injury severity in soccer [5]. In an epidemio-
logical study of Latin American soccer players in 
the 2011 Copa América, Pedrinelli et al. recorded 
63 injuries in all 26 tournament matches. The 
incidence of injury was 70 injuries per 1000 h of 
play or 2.42 injuries per game. Most injuries 
occurred within the last 15 min of the game, with 
approximately 25% of injuries involving the knee 
[6]. Pangrazio et al. mapped the injuries that 
occurred during the Copa América of 2015. The 
authors observed that one injury occurred every 
58 min of play, with an incidence of 17.25 inju-
ries for every 1000 h of play. Anterior cruciate 
ligament (ACL) injuries occurred most often in 
Fact Box 1
The risk of injury in professional football is 
high. Studies have shown that the risk of 
injury among professional football players 
is 1000 times higher than that among indus-
try workers.
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the final minutes of the first half, whereas muscu-
lar injuries were more frequent in the second part 
of the second half of the match [7].
In a prospective study with 15 years of follow-
 up, it was found that a constant annual rate of 
ACL injuries of approximately 6% among soccer 
players. The ACL injury rate during games was 
20 times higher than that during training [8].
The orthopedic injuries that occurred in the 
first two divisions during São Paulo State Football 
Championship 2016 were evaluated, and it was 
found that 259 injuries occurred during all 361 
games, an average of 0.71 injuries per game. The 
incidence of injury was 21.3 for every 1000 h of 
play for the championship overall. Most of the 
injuries occurred in the last 15 min of the first 
half, and 7.7% of the injuries required surgical 
treatment. Most of the surgeries (14 surgeries) 
were ACL reconstructions. The mean age of ath-
letes with ACL injury was 25 years. The majority 
of these injuries (43%) occurred in midfielders. 
Regarding the timing of injury, 57% of ACL rup-
tures occurred in the first 30 min of the game. 
There was an equal division with regard to later-
ality (50% right side and 50% left side). Most 
ACL ruptures occurred without contact (65% of 
cases). Seventy-eight percent of ACL injuries 
occurred in second-division team athletes, per-
haps owing to the inferior quality of the fields or 
poorer physical preparation of the athletes in the 
second division of the championship.
12.3  Treatment
ACL injury mainly affects young, active individ-
uals and is especially characterized by the sensa-
tion of knee distortion during movements of 
abrupt change of direction and running on uneven 
terrain. Surgical reconstruction is now the stan-
dard treatment in athletes. Football is a sport with 
many changes of direction, jumps, and landings, 
making nonsurgical treatment unlikely to be suc-
cessful in professional players. Despite the 
almost complete consensus regarding the need 
for surgery after ACL rupture in professional soc-
cer players, some aspects of the surgical proce-
dure remain controversial, including the best 
options for grafting, technique, and fixation 
devices.
In a study of Major League Soccer (MLS), the 
authors reported that most US professional team 
surgeons performed ACL reconstruction (ACLR), 
preferentially within the first 4 weeks after injury. 
The vast majority of orthopedists (91%) per-
formed reconstruction of the ACL with a single 
bundle, and 50% performed transtibial femoral 
tunnel drilling. The graft most often used by sur-
geons in ACL reconstruction in that study was a 
patellar tendon graft; the least commonly used 
was the quadriceps tendon graft [9].
In a similar study, Arliani et al. showed that 
most knee surgeons in Brazil opt for reconstruc-
tion of the ACL with single bundle and transtibial 
technique (66%). Most orthopedists participating 
in that study used hamstring grafts in the surger-
ies. Interference screws were the surgical mate-
rial preferred by surgeons in graft fixation in both 
the tibia and femur. Regarding the time to return 
to the sport after surgery, orthopedists reported 
waiting at least 6 months for release [10].
In a systematic review, the mid- and long-term 
postoperative results were examined (>2 years of 
follow-up) of randomized and quasi-randomized 
clinical trials comparing patients who underwent 
surgery with hamstring grafts versus patellar ten-
don grafts. The authors concluded that there was 
no difference in outcomes related to graft type in 
ACL reconstruction. However, this study was not 
limited to professional soccer players, and some 
Fact Box 2
A constant annual rate of ACL injuries of 
approximately 6% among soccer players 
was observed with 15 years of follow-up.
Fact Box 3
The majority of ACL injuries (43%) occur 
in midfielders, and 57% of these injuries 
occur in the first 30 min of the game.
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doubts persist for this patient group [11]. Some 
possible advantages of patellar tendon grafting 
are faster integration of the graft due to the pres-
ence of the bone plug and the possibility of a 
more aggressive physiotherapy protocol. 
Hamstring grafts cause less morbidity at the 
donor site and less anterior knee pain in the post-
operative period. However, the hamstrings are 
considered secondary stabilizers of opening 
stress in the medial compartment of the knee, and 
removal of these tendons could generate discom-
fort in some professional players when kicking 
with the inner foot. Surgeons who believe this 
hypothesis prefer the patellar tendon graft in 
ACL reconstruction in professional soccer play-
ers. New high-quality studies on this subject, 
however, are needed to draw evidence-based 
conclusions.
12.4  Prevention
In a study with 11 years of follow-up of injuries 
occurring in some clubs participating in the 
UEFA Champions League, Ekstrand et al. found 
a 31% decrease in ligament injuries, including 
ACL injuries, over the 11-year period. The 
authors concluded that this great decrease in the 
incidence of ligament injuries may have resulted 
from the implementation in most clubs of preven-
tive programs and proprioceptive training [12].
Yamada et al. evaluated postural stability and 
functional capacity in young soccer players 
before and after 45 min of play. The authors con-
cluded that after 45 min of play, there was a 
decrease in postural stability as evaluated with 
the Biodex Stability System and in functional 
capacity as evaluated with the hop test protocol 
(Fig. 12.1).
This study suggested a possible association 
between physical fatigue, lower limb stability, 
and increased incidence of injury in the final 
15 min of games [13].
Lundblad et al. recently investigated the pos-
sible relationship between a history of previous 
injuries and subsequent ACL injury in profes-
sional soccer players. The authors concluded that 
previous injuries do not increase the risk of ACL 
rupture in soccer players [14].
In the last decade, several injury prevention 
programs have appeared in sports generally and in 
football in particular. Of these programs, perhaps 
the most used is FIFA 11+. In 2009, FIFA created 
and publicized FIFA 11+, a worldwide football 
injury prevention program. Developed and stud-
ied by the FIFA Medical Assessment and Research 
Center, the program was based on a randomized 
clinical trial that significantly reduced injuries and 
health costs in football. Since the launch of FIFA 
11+, major publications have confirmed the pro-
gram’s preventive effects and have evaluated its 
performance effects in professional men, profes-
sional women, and amateur soccer players alike 
[15]. Some studies using the FIFA 11+ program 
have shown a reduction of up to 40% in injuries 
Fig. 12.1 Athlete during evaluation on Biodex Stability 
System platform
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when the program was successfully implemented 
[16]. Grooms et al. accompanied a male univer-
sity football team with 41 athletes between 18 and 
25 years of age for two consecutive seasons. In 
the first season, no injury prevention program was 
in place (control); in the second season, the FIFA 
11+ program was adopted. The authors demon-
strated not only a 72% reduction in the risk of 
lower limb injury but also a significant decrease in 
the severity and time to recovery of the injuries 
that did occur [17].
However, despite the excellent results in injury 
prevention confirmed by several quality pub-
lications, the implementation of this and other 
preventive programs remains a great challenge. 
Despite the huge publicity and promotional 
activities carried out by FIFA in more than 80 
countries during symposia and World Cups, only 
10% of FIFA’s member countries have adopted 
the prevention program [15].
In addition to preventive programs, other 
approaches have emerged in recent years aimed 
at reducing ACL injuries as genetic research has 
focused on this theme. Leal et al. demonstrated 
that gene expression analysis is very useful in 
understanding the risk factors for ACL injury and 
failures in ACL healing. The authors concluded 
that at least three genes could be used as refer-
ence genes in genetic analyses [18].
12.5  Return to Football After ACL 
Reconstruction
Injury and consequent withdrawal from football 
may be the most distressing and sad occurrence 
in the life of a professional soccer player. After 
injury and surgery, the first question of athletes is 
how long it will take to return to the field and to 
play at the same level as prior to injury.
Walden et al. prospectively studied 157 ACL 
injuries during 15 consecutive seasons and fol-
lowed these professional soccer players for a 
period of 3 years. The mean times from ACL 
reconstruction to return to training and return to 
games were 6.6 months and 7.4 months, respec-
tively. The re-rupture rate before return to games 
was 4%. Three years after surgery, 86% of oper-
ated athletes were playing soccer; however, only 
65% of players who underwent ACL reconstruc-
tion were playing professional football at the 
same level as prior to injury [8].
Several factors influence the return to soccer 
in athletes undergoing ACL reconstruction. 
Sandon et al. investigated these possible factors 
in a study of 205 players in Sweden. The authors 
described female gender, knee joint cartilage 
injuries, and pain during physical activity as 
independent and negative factors for return to 
soccer after ACL reconstruction [19].
In another study, Walden et al. investigated the 
risk of further knee injury in professional soccer 
players after ACL reconstruction. The authors 
found a greater risk of new knee injury, especially 
injuries resulting from overload, in players who 
previously underwent ACL reconstruction com-
pared with players without previous surgeries [20].
Another worrying factor after ACL recon-
struction in professional soccer players is the 
impact on health, quality of life, and knee func-
tion after retirement. Arliani et al. evaluated 
retired former soccer players in Brazil with a 
mean age of 44 years and showed that 44% of 
former players had been treated with infiltrated 
knee medications during their careers. Most of 
these former athletes had undergone knee surgery 
(ACL reconstruction and meniscectomies), and 
66% of the sample showed signs of osteoarthro-
sis on knee radiographs. Retired players had 
more knee pain and poorer quality of life in the 
SF-36 compared with a control group [21]. In a 
retrospective study, Neyret et al. assessed the 
effect of ACL reconstruction on soccer players 
over a 20-year follow-up period. The authors 
found signs of radiographic osteoarthrosis in 
Fact Box 4
FIFA 11+ program has shown a reduction 
of up to 40% in injuries when the program 
was successfully implemented.
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77% of ex-players with a history of ACL recon-
struction; 74% of these athletes were satisfied 
with knee function [22].
Another controversial issue is the criteria for 
safe return of the player to the sport. Wiggins 
et al. found rates of 15–20% of new ACL injury 
after ligament reconstruction and return to play. 
Determining the exact moment to release an ath-
lete to return to football after ACL reconstruction 
is challenging and multifactorial [23]. In a sys-
tematic review, Barber-Westin et al. concluded 
that there was no consensus on the appropriate 
criteria and objectives for the safe return of ath-
letes to sport. The authors showed that 40% of 
the studies analyzed did not have criteria for 
returning to sports after ACLR and 32% used 
only the postoperative time as a criterion for 
returning to sports activities [24].
In a recent prospective study involving 158 
professional male soccer players, Kyritsis et al. 
demonstrated that players who did not meet all 
criteria for returning to sport after ACLR were 
four times more likely to have a new ACL injury, 
compared with players who achieved all of the 
proposed criteria (quadriceps and hamstring 
strength tests, hop tests, agility test, specific reha-
bilitation of sports movements in the field) 
(Figs. 12.2, 12.3, and 12.4). The minimum post-
operative time currently suggested by most stud-
ies for return to sport after ACL reconstruction is 
6 months [25]. However, recent studies have 
shown that returning to sports activities before 
9 months after ACLR increases the risk of recur-
rence of ligament injury [26]. A recent review 
article on the subject suggested criteria for return 
to sport based on an analysis of several studies on 
the subject. The authors suggested return to sports 
after at least 9 months following ACL reconstruc-
tion, as well as assessments of function, symp-
toms, and activity scales (IKDC and Tegner), 
psychological assessments (ACL-RSI and K-SES), 
clinical evaluations, range of motion testing, 
KT1000 testing, muscular strength evaluation, and 
progressive reintegration to the sport. Despite the 
numerous suggested evaluations, the authors con-
cluded that new, high-quality studies should be 
undertaken in the coming years to determine spe-
cific criteria with high sensitivity and sensitivity for 
safe return to sports after ACLR [27].
Fact Box 5
Returning to sports activities before 
9 months after ACLR increases the risk of 
recurrence of ACL injury.
Fig. 12.2 Professional 
football player during a 
hop test evaluation




Several factors influence the timing of return to 
soccer after ACL reconstruction. The surgeon 
should evaluate each case and each injury indi-
vidually, but with the evidence available today, a 
later return to the sport, 8–9 months after surgery, 
may be preferable. In addition to the postopera-
tive time, in Brazil, we evaluate function, symp-
toms, and activity with subjective questionnaires, 
psychological evaluation, clinical evaluations 
(pain, bowel movements, KT1000), and muscle- 
strength testing before beginning progressive 
reintegration of the player into sports.
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13.1  Introduction
Injury of the anterior cruciate ligament (ACL) is 
a frequent sports injury, which commonly leads 
to loss of the athletic activity level [6]. In athletes 
with symptomatic instability, ACL reconstruc-
tion with an autologous tendon graft is the treat-
ment of choice [44]. Restoration of passive 
stability can improve the function of the joint and 
prevents from further injuries to meniscus and 
cartilage [1]. Recent systematic reviews could 
even confirm that ACL reconstruction can reduce 
the rate of osteoarthritis rates [1, 57].
Achieving the preinjury level of activity is the 
main goal for the ACL-reconstructed professional 
and recreational athlete. Especially  professional 
athletes want to return to their preinjury activities 
as early as possible. However, after surgery the 
graft passes through a remodeling process, which 
weakens the graft [15, 28, 29, 31, 42, 53]. For this 
reason a too early return to sports can be danger-
ous with the risk of early re-rupture.
The discussion about the optimal time for 
return to sports is controversial [9, 21, 47]. A 
recent systematic review has shown that time 
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after surgery is the sole criterion in most studies, 
recommending sports clearance after 6 months 
[9]. Other authors report about return to sports 
even 3 months after surgery [52]. Recent histo-
logical biopsy studies have shown that the remod-
eling process of ACL grafts in humans can take 
up to 2 years [15, 28, 29, 31, 42]. For this reason 
it is to be assumed that at 6 months after surgery, 
the graft does not have a sufficient strength to 
resist functional stress during high demanding 
activities. However, 2-year absence of sports can 
mean the end of the career for a high-level ath-
lete. Therefore, at the time of return to sports, the 
knee must be functionally stabilized to protect 
the healing graft. During the rehabilitation period, 
the functional stability of the joint is normally 
impaired because limited weight bearing and 
restricted range of motion lead to deficits in mus-
cle strength, balance, and coordination. 
Therefore, additional functional criteria instead 
of postoperative time only should be used to 
determine if an athlete can safely return to sports.
This article summarizes a project of the liga-
ment committee of the German Knee Society. 
Using objective literature research, an evidence- 
based return to sports algorithm was established.
13.2  Scientific Basis
13.2.1  Re-rupture Rates and Risk 
Factors
Re-rupture rates after ACL reconstruction and 
return to sports vary between 2% and 23% in cur-
rent literature; the prevalence of contralateral ACL 
rupture is even 7–24% [18, 26, 30, 36, 49, 58]. 
Risk factors for re-rupture in general are age under 
20 years, female gender, high activity level, and 
high-risk pivoting sports (e.g., soccer, basketball, 
handball, alpine skiing) [5, 16, 18, 66, 68, 69].
Neuromuscular deficits are likely to be a rea-
son for the large prevalence of ACL ruptures in 
the nonoperated contralateral knee [24]. In 
female athletes a correlation between functional 
valgus and injury prevalence could be detected 
[25]. There are, however, indications that these 
mechanisms also apply to men.
These findings are in accordance with video 
analyses showing predominantly noncontact 
injury mechanisms in primary ACL ruptures 
[24]. Athletes at risk for ACL rupture often 
exhibit motion patterns similar to classic ACL 
injury mechanism: landing after a jump with a 
slightly flexed knee in combination with valgus 
alignment and the body’s center of gravity behind 
the knee [24]. Valgus alignment here is also 
referred to as medial collapse or functional val-
gus [24].
Injury-prone valgus drift immediately follow-
ing the one-legged landing or stabilization phase 
can be triggered by missing eccentric strength of 
the quadriceps muscle, missing strength of hip 
stabilizing muscles with consecutive pelvic tilt to 
the contralateral side, excess ankle eversion, as 
well as missing coordinative and proprioceptive 
properties or a combination of the abovemen-
tioned. Similar mechanisms were also identified 
for alpine skier and judoka.
Athletes with such motion patterns should be 
identified during rehabilitation after ACL recon-
struction using simple functional tests. Prevention 
studies have shown that hazardous motion pat-
terns can successfully be modified in special 
training programs with consecutive decreased 
reinjury rates [24, 48]. These programs comprise 
balance, jumping, and specific strength training 
for protective knee flexors, stabilizing quadriceps 
and hip abductors.
In conclusion, individual neuromuscular risk 
factors for ACL re-rupture must be taken into 
account during rehabilitation after ACL recon-
struction. Hazardous motion patterns should be 
addressed by physical therapy.
13.2.2  Remodeling of ACL Grafts
The remodeling process of an ACL graft is fun-
damental for the return to sports decision. The 
duration of this healing process can barely be 
influenced [42, 43].
Rodeo et al. showed that osteointegration in 
a dog model needs 12 weeks [51]. According to 
the authors, the respective duration in humans is 
estimated to be twice as long [51]. Weiler et al. 
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found tendon-bone healing after 24 weeks in 
sheep [67]. This hypothesis is supported by an 
MRI study that detected substantial bone edema 
surrounding the bone tunnels 6 months postop-
eratively [3].
The remodeling process of the graft is distin-
guished from osteointegration [42]. The devas-
cularized tendon graft is subject to necrosis and 
must be revascularized thereafter. Fibroblasts 
grow into the graft, new collagen is synthesized, 
and functional load transforms the graft into a 
mature ligament. According to the literature, this 
process can be divided into three phases [11, 42]: 
early healing phase, remodeling phase, and matu-
ration phase [2, 11, 33, 42, 56].
Biopsy studies of human grafts have shown 
that these remodeling phases are longer than the 
remodeling phases observed in animal models 
[11, 42]. The duration of the early healing phase 
varies between 3 and 6 months, the remodeling 
phase between 3 and 12 months, and the matura-
tion phase between 4 and 36 months [11, 42]. No 
difference could be shown comparing the dura-
tion of healing phases for patellar and hamstring 
tendon grafts. It is to be assumed that also the 
mechanical stability of the graft is reduced for 
this long period.
Many surgeons recommend a 6-month time 
span as sole criterion for return to sports (time- 
based approach) [33]. At this time grafts may be 
osteointegrated, but there is scientific evidence 
that ligamentous remodeling is not yet com-
pleted. Thus, functional stability of the knee joint 
must be optimal to protect the graft during this 
process and should be objectively assessed.
13.2.3  Joint Homeostasis After ACL 
Reconstruction
Injury and surgical trauma impair joint homeosta-
sis. Typical impairments are composed of pain, 
swelling, reduced range of motion, and reduced 
passive stability. These symptoms usually nor-
malize with rehabilitation. Persisting symptoms, 
however, can be hints for structural joint dysfunc-
tions such as cyclops syndrome, arthrofibrosis, 
and graft failure or tunnel malpositioning.
It is obvious that an intact homeostasis of the 
knee joint is crucial for a safe return to sports [47].
13.2.4  Strength Deficits After ACL 
Reconstruction
Several systematic reviews have shown that rele-
vant strength deficits can persist after ACL recon-
struction and can often be detected even after 
more than 6 months postoperatively [38, 46, 70].
Weakened quadriceps muscles were seen when 
using patellar tendon grafts, whereas decreased 
knee flexion strength is accompanied with the 
use of hamstring tendon autografts. Both mus-
cle groups are relevant concerning re- ruptures. 
Quadriceps strength coheres with hazardous 
motion patterns during jumps [59]. Flexors act 
as functional agonists to the ACL [39]. Some 
studies could also detect postoperative muscu-
lar deficits in the hip and foot abnormalities [46, 
70]. Hip muscle deficits can negatively influence 
lower limb rotation and promote a functional val-
gus position of the knee [24, 45]. Functional val-
gus position can lead to a medial collapse.
In conclusion, adequate regeneration of leg 
muscle strength is important for return to sports 
and should be objectively evaluated using simple 
measurements and tests [62].
13.2.5  Neuromuscular Control 
of the Knee: Functional 
Stability
Athletic and activities of daily living rely on coor-
dinated neuromuscular knee control, which can be 
substantially impaired after an ACL rupture [17, 54, 
55]. These functional deficits seem mainly due to 
proprioception loss resulting in disturbed intermus-
cular coordination between ACL agonists (flexors) 
and antagonists (M. quadriceps). Subluxations and 
re-ruptures can probably be prevented by enhanced 
neuromuscular control and achievement of func-
tional stability [17, 32, 35, 60]. Some individuals 
can almost completely compensate for missing 
passive stability using neuromuscular control 
mechanisms (“copers”) [17, 41, 54, 55, 60].
13 Return to Sports Following Anterior Cruciate Ligament Reconstruction
pieter.orthopedie@gmail.com
162
Several studies have shown that deficits in 
proprioception, balance, and neuromuscular con-
trol can persist up to 12–30 months after ACL 
reconstruction [10, 14, 39, 40, 61, 63, 64].
In conclusion, functional knee joint stability 
should be considered as key point to give a safe 
return to sports recommendation.
13.3  “Return to Sports” Algorithm
These facts show that different criteria must be 
taken into account for an individual and safe 
return to sports decision. Based on this evidence, 
the ligament committee of the German Knee 
Society (DKG) has developed an algorithm for a 
return to sports recommendation [47]. This return 
to sports algorithm is shown in Fig. 13.1.
13.3.1  Temporal Aspect
It is obvious that a predetermined time period is 
not a sufficient stand-alone criterion since graft 
remodeling seems to take up to 2 years after sur-
gery. In daily practice, most athletes however 
return to sporting activities between 6 and 
10 months after surgery. Dedicated rehabilitation 
measures can normalize joint function within this 
time frame so that there is sufficient functional 
protection for further graft maturation [47].
At a time point where structural graft properties 
are not comparable to the normal ACL, the follow-
ing prerequisites are mandatory for return to com-
petitive sports: joint homeostasis, normal muscle 
strength, normal functional knee stability, and nor-
mal neuromuscular control of the lower limb.
If this is not the case, rehabilitation should be 
continued after ruling out structural reasons. The 
scope of tests to evaluate these criteria must be 
individually adapted to athletic ambition and 
available resources.
13.3.2  Joint Homeostasis
Joint homeostasis should be present for a “return 
to sports” decision [47]. The knee must be with-
out effusion; range of motion and passive stabil-
ity should be equivalent to the nonoperated 
contralateral side. These factors can be evaluated 
within the objective IKDC 2000 score (Fig. 13.2).
Before “returning to sports,” the respective 
knee should be classified as “A” or “B” according 
to the objective IKDC score. Passive stability 
should be tested using Lachman and pivot shift 
tests. Anterior-posterior stability can be quanti-
fied by instrumented Lachman test with “KT- 
1000 arthrometer” or “rolimeter.”
In the presence of “C” or “D” criteria accord-
ing to the objective IKDC score, further diagnos-
tics should be conducted. Graft structure, tunnel 
placement, cyclops lesions, and concomitant 
injuries can be evaluated on MRI scans. A 3D CT 
is helpful for further analysis of tunnel malposi-
tioning. Laboratory results can help if there is 
suspicion for a joint infection. If pathologies are 
detected, the indication for revision surgery 
(arthroscopy, arthrolysis) must be considered.
A normal joint homeostasis (IKDC A or B) is 
prerequisite for further tests to analyze strength, 
functional stability, and neuromuscular function [47].
Fact Box 1
• Functional or dynamic valgus is the 
main risk factor for ACL rupture.
• Hip muscle deficits can negatively influ-
ence lower limb rotation and promote a 
functional valgus position of the knee.
• Biopsy studies in humans have shown 
that graft remodeling can take up to 
2 years.
• Knee flexors (hamstrings) act as func-
tional agonists to the ACL and can pro-
tect the ACL.
• Several studies have shown that deficits 
in proprioception, balance, and neuro-
muscular control can persist up to 
12–30 months after ACL 
reconstruction.
• Functional knee joint stability should be 
considered as one key point to give a 
safe return to sports recommendation.
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•  Motion pattern :
   Functional valgus, low
   knee flexion angle
Further diagnostics : 
•  Labor: atory CRP, BB
•  MRI: Graft










•  Lachman (KT 1000)
•  Pivot
•  Range of motion (E/F) 








One legged jump tests
( LSI  > 85%)








Fig. 13.1 Return to sports algorithm as recommended by the German Knee Society (Deutsche Kniegesellschaft, DKG)
1. Effusion None Mild Moderate  Severe
2. Passive range of motion 
∆ extension deficit < 3° 3-5° 6-10° > 10°
∆ flexion deficit 0-5° 6-15° 16-25° > 25°
A B C D
3. Ligament-examination
(manual, instrumented, stress x ray)
∆ Lachman test (mm) 1-2° 3-5° 6-10° >10°
anterior endpoint: firm soft
∆ Pivot shift equal glide gross marked
Fig. 13.2 Objective 
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13.3.3  Muscle Strength
Muscle strength can be measured with various 
methods. Most common are instrumented iso-
kinetic strength measurements of knee extensors 
and flexors (Fig. 13.3). The athlete has to move 
a lever with predetermined angular speed (e.g., 
60°/s or 120°/s); different strength qualities can 
be measured (concentric/eccentric strength, 
strength endurance, etc.). Several parameters 
can be determined depending on the test proto-
col: strength (Nm), labor, power, acceleration 
energy, antagonist/agonist relations, muscle 
fatigue, and recuperation. Details concerning 
respective angular velocities differ in the studies 
[46, 70]. Angular speeds of 60–240°/s are used 
in practice. Maximum torque (Nm) is presented 
as maximum strength. The highest values for 
concentric strength are achieved at low angular 
velocities (up to 60°/s). Respective speeds are 
increased to evaluate springiness. Limb sym-
metry is the goal. Strength measurement of 
<90% compared to the contralateral side is a 
hint for rehabilitation deficits [71]. Knee flex-
ors should receive increased attention since they 
can protect the ACL. Isokinetic measurements 
and functional stability tests should be part of 
the “return to sports” decision in competitive 
athletes.
Due to the weakness of limb symmetry index 
(LSI) comparing only injured to noninjured limb, 
preinjury status should regularly be documented 
(especially in professional athletes). Thus, mus-
cle strength should be presented as both absolute 
values and LSI.
More simple strength measurement methods 
can be used for recreational athletes. Examples 
are maximal strength tests with guided training 
devices (e.g., leg press) or circumference mea-
surements of the lower limb (15 cm below, 10 cm 
and 20 cm above the medial knee joint line) as 
indirect method. Measurements on the operated 
leg should be at least 90% of the contralateral 
values here, too.
13.3.4  Functional Stability
Simple single-leg jump/hop tests have proven 
useful to evaluate functional stability [19, 20, 22, 
23, 27, 37, 40, 62]. Various jump tests differing in 
complexity are described in literature (Table 13.1).
In practice single-leg jumps for distance tests 
are most feasible since they can be carried out in 
a large examination room (Fig. 13.4). The respec-
tive results are compared to the healthy contralat-
eral side. These tests can easily be applied to 
recreational athletes and are valid predictors for 
good knee function. The single-leg jump test 
(distance) has been shown to correlate with good 
subjective knee function [17].
For competitive athletes, a test battery with 
various single-leg jump tests should be used 
(Table 13.1). Test-retest reliability could be 
shown for single-leg jump tests in several stud-
ies [20, 50]. Using them a lower limb symmetry 
index (LSI) can be assessed. Usually LSI is cal-
culated with the means of three jump tests for 
the operated and nonoperated side. Most 
authors consider an LSI of >85% as a sufficient 
“return to sports” criterion [39, 64]. In the 
objective IKDC score, an LSI of more than 
90% is classified as A (normal), an LSI of 
89–75% as B (nearly normal), an LSI of Fig. 13.3 Isokinetic strength test (Return to play, Straubing)
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75–50% as C (abnormal), and an LSI <50% as 
D (severely abnormal).
Jump tests are very demanding for the knee. 
Thus, they should only be performed under the 
following conditions: (1) no intra-articular effu-
sion, (2) full ROM, (3) unrestricted straight leg 
lifting, (4) jumping possible without pain, and (5) 
patient’s subjective well-being.
13.3.5  Motion Analysis:  
Dynamic Valgus
In recent years functional valgus of the knee has 
been recognized because valgus collapse is con-
sidered as a main risk factor for ACL rupture and 
re-rupture following ACL reconstruction [8, 24, 
48]. Functional leg axis analysis has received little 
Table 13.1 Different jump tests which can be used for the return to sports analysis
Test Execution
1. Distance jump test The subject is on the test leg with arms folded on the back. He is asked to jump as 
far as possible with the test leg. Test is highly reliable and is the easiest to perform 
in clinical practice
2. Triple jump test The subject is on the test leg with arms folded on the back. He is prompted to 
jump with the test leg three times as far as possible
3. Six meter jump test for time The patient is asked to bounce on the test legs 6 m distance. The time is 
determined by a stopwatch
4. Vertical jump test In the vertical jump test, the subject must jump as high as possible. The evaluation 
is only possible with a special measuring system (MuscleLab, Ergotest 
Technology) that can convert the flight time to jumping height. This test is 
therefore only applicable in special scientific facilities
5. Square jump test The subject is on the test leg within a marked square. An additional 10 cm frame is 
marked outside this square. The subjects have to be one legged (for the right leg 
clockwise) for 30 s as often as they can in and outside the square. The number of 
jumps without affecting the frame count as a test result
6. Lateral jump test The test person is standing on the test leg with his hands on his back. It must have 
side jumps between two marks (distance 40 cm). The subject must jump 30 s as 
often as possible between the markers. He may land only outside the markers
a b
Fig. 13.4 (a) Distance jump test: in the one-legged jump 
test for distance, it is important to jump with one leg as far 
as possible. The jumps are repeated three times. The per-
centage difference between the mean values  for the three 
jumps of the right and left leg results in the lower limb 
symmetry index. (b) Square jump test: in the square jump 
test, the test person should land as many jumps as possible 
outside the square (right and left). The lower limb sym-
metry index is calculated from the difference between the 
successful landings
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attention in the evaluation of single-leg jump tests 
to date, while valgus collapse can be seen in the 
frontal plane during many jump tests. There are 
various possibilities to analyze dynamic valgus. 
Dichotomous classification as valgus and non-
valgus is simple and clinically pragmatic. A video 
camera with slow motion function can be helpful 
for demonstration purposes; the frontal plane pro-
jection angle (FPPA) (Fig. 13.5) can be quantita-
tively assessed.
Today mobile phone/tablet apps can produce 
sufficient slow motion videos with the opportunity 
to measure the FFPA (e.g., “hudl” technique app).
Noyes et al. [8, 40] have described a vertical 
jump test from a box in which the leg axis during 
landing is analyzed using a video camera (more 
than 60% knee distance). The athletes are only 
instructed to jump from the box landing in a 
proper angle to the observer and camera and to 
then perform a maximal vertical hop [40]. This 
sequence is repeated three times, and enhanced 
motion analysis is possible with professional 3D 
imaging. However, under clinical aspects, two- 
dimensional methods evaluating standard camera 
recordings in the frontal plane have proven to be 
sufficient. The camera is placed 3 m from the 
box.
The following frames are extracted from the 
video recording: (1) before landing, toe-ground 
contact; (2) landing, lowest athlete position; and 
(3) takeoff, upward arm movement. The landing 
moment is the moment in which the knee is most 
a b c
d e f
Fig. 13.5 (a–f) Vertical drop jump test (Return to play, Straubing)
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out of control. Frontal plane projection angle or 
knee-to-ankle distance proportion can be assessed 
(Fig. 13.5). Minzner et al. [35] could show a cor-
relation of two-dimensional to three-dimensional 
analyses for knee-to-ankle distance proportion. 
Qualitative evaluation of “valgus or non-valgus” 
can also be performed by inspection instead of 
recording.
Another test for dynamic valgus are single-leg 
squats (Fig. 13.6) [13]. Valgus collapse during 
this test correlates with poor hip abductor func-
tion [4, 13]. In the original version of the test, the 
athlete is standing on a 20 cm high box with 
crossed arms: he has then to perform five single- 
leg squats as slow as possible (each squat over 
2 s) which are recorded with a video camera. 
According to determined criteria, the single-leg 
squats are classified as good, average, or poor.
13.3.6  Additional Functional Tests
This test battery can be extended by further func-
tional tests. This extension of the test battery 
involves the detection of proprioception, agility, 
and psychological factors and is especially rec-
ommended for professional athletes. But of 
course these additional tests can also be used for 
recreational athletes [22].
Proprioceptive or balance characteristics can 
be detected with the star excursion balance test 
(SEBT) [12]. In ACL-reconstructed patients, the 
SEBT reach distance was associated with lower 
extremity muscle strength [12].
Agility can be accessed with a speed court test 
[34]. Agility should be especially assessed in 
professional athletes (Fig. 13.7).
Psychological factors have high influence on 
the return to competitive sports rate [7]. Fear of 
new injury was the most important reason for no 
return to competitive sports [7]. The ACL return 
to sports after injury scale (ACL-RSI) is a vali-
dated questionnaire to evaluate psychological 
after ACL reconstruction [65].
° 
Fig. 13.6 One-legged squat for the analysis of the frontal 
plane projection angle (FPPA). This picture shows a low 
FPPA which is not desired (picture from the Stop X pro-
gram, German Knee Society)
Fig. 13.7 Agility test using a speed court (Return to play, 
Straubing)
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13.4  Secondary Prevention of ACL 
Ruptures: Stop X Program
If the functional analysis of the motion pattern 
reveals any risk factors such as dynamic valgus, 
the athlete should be encouraged to complete a 
special prevention program. For this reason the 
ligament committee of the German Knee Society 
has put together a special program for the preven-
tion of knee injuries [48]. The name of this pro-
gram is “Stop X” (Fig. 13.8). The main goal of 
this program is to correct the dynamic valgus 
[48]. More detailed information about this pro-
gram can be found on these websites:
 1. http://stop-x.de/




Various studies have shown that such specific 
training programs can reduce the incidence of 
ACL injuries significantly [48]. Elements of these 
programs are (1) information about injury mecha-
nism, (2) strength training with focus on ham-
string and hip abductor strength, (3) jump training, 
(4) balance exercises, and (5) running exercises.
Take-Home Message
At the time when athletes normally return to 
sports after ACL reconstruction (6–10 months 
postoperatively), graft remodeling is still not 
complete (duration approximately 24 months). 
Therefore, purely time-based return to sports rec-
ommendations should be left in favor of func-
tional recommendations. A return to sports 
algorithm includes basic criteria and additive cri-
teria. Basic criteria are free range of motion, 
absence of effusion, and passive knee stability (A 
or B according to objective IKDC score). Normal 
a
b
Fig. 13.8 Exercises from the German Knee Society ACL 
injury prevention program “Stop X.” From: Petersen W, 
Diermeier T, Mehl J, Stöhr A, Ellermann A, Müller P, 
Höher J, Herbort M, Akoto R, Zantop T, Herbst E, Jung T, 
Patt T, Stein T, Best R, Stoffels T, Achtnich A: Prävention 
von Knieverletzungen und VKB-Rupturen. Empfehlungen 
des DKG Komitees Ligamentverletzungen. OUP 2016; 
10: 542–550 DOI 10.3238/oup.2016.0542–0550. (a) This 
exercise is called “Russian hamstrings.” With this exer-
cise, the hamstring muscles can be trained. The subject 
should bend the upper body downward to approx. 45° and 
then reerect. The upper body and the thigh should be in 
line. The exercise is repeated up to ten times. (b) Static hip 
exercise: this exercise trains the hip abductors. The sub-
ject should hold this position as long as possible. Upper 
body and leg should be in line
Fact Box 2
• Time-based return to sports recommen-
dations should be left in favor of func-
tional recommendations.
• A return to sports algorithm includes 
basic criteria and additive criteria.
• Basic criteria are free range of motion, 
absence of effusion, and passive knee 
stability (A or B according to objective 
IKDC score).
• Normal basis criteria are prerequisites 
for further functional test such as 
strength test, functional stability tests, 
or neuromuscular function tests.
• Additive criteria include proprioception 
tests, agility test, and psychological tests.
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basis criteria are prerequisites for further func-
tional test such as strength test, functional stabil-
ity tests, or neuromuscular function tests. If basic 
criteria such as effusion, passive stability, and 
ROM are rated as IKDC grade A or B, functional 
tests (one-legged jump tests) to assess neuromus-
cular function and strength as well a motion anal-
yses should be applied (vertical drop jump test, 
one-legged squat). Further diagnostic steps must 
be considered if basic criteria are rated as C or D 
according to IKDC classification. This algorithm 
can be extended by balance, agility, or psycho-
logical tests.
Additive criteria include proprioception tests, 
agility test, and psychological tests.
The goal of the described algorithm is to find 
the best possible and individual time point for a 
safe return to sports.
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14.1  Incidence of ACL Injury 
in Football
The incidence of anterior cruciate ligament 
(ACL) injuries has been reported in a number of 
studies ranging between 32 and 70 inju-
ries/100,000 inhabitants/year. In Sweden recent 
national data from population-based studies indi-
cate an ACL injury incidence of about 80/100,000 
inhabitants/year. Without satisfactory treatment 
ACL injury is a serious knee injury that often pre-
vents young people from continuing to partici-
pate in heavy physical work or physical exercise 
and sport at recreational or elite level. The treat-
ment can be either physical therapy alone or a 
combination of surgery (ACL reconstruction) 
followed by physical therapy. It is estimated that 
about half of all ACL injuries are not subjected to 
surgery for different reasons.
An injury frequency of approximately 80 per 
100,000 inhabitants in Sweden would mean that 
some 7–8000 individuals suffer ACL injuries 
every year and that some 3500 would undergo 
surgery. Recent studies reveal that about 20% of 
the patients undergoing surgery require repeat 
surgery within a few years as a result of compli-
cations, first and foremost meniscal and/or carti-
lage damage, restricted mobility, or the failure of 
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the ACL reconstruction. The results after second-
ary surgery seem to be poorer than after primary 
surgery. Good results have been reported in short 
term after a primary operation. Only a few  studies 
are either randomized or have a long follow- up, 
though (Figs. 1, 2, 3, 4, 5, 6, 7).
14.2  ACL Injury Registry 
in Sweden
Sweden has a long tradition of orthopedic quality 
registries originating from the hip and knee regis-
tries in the 1970s. The Swedish ACL registry 
started in 2005 in cooperation with Norway and 
Denmark (for annual reports visit www.xbase.nu).
The number of operations per surgeon is 
unevenly distributed, and about 40% of all sur-
geons perform fewer than 10 ACL reconstructions 
a year. A trend toward an increase in the number of 
operations per surgeon has, however, been seen 
since the start of the ACL registry in 2005. At the 
start, the ACL registry was a surgical registry, but 
attempts are now being made to register all patients 
with this knee injury, regardless of surgical or non-
surgical treatment. In Sweden we are trying to 
involve our physical therapists in this work and 
thereby make analyses of return-to-play data.
Football is still the most common activity associ-
ated with an ACL injury in male as well as female 
players, and this situation does not change from year 
to year. In 2015, football was the cause of ACL inju-
ries in 47% of male and 34% of female players.
As football is the leading cause of ACL inju-
ries, it is interesting that projects including pro-
phylactic training for young people playing 
football are in progress in Sweden. The training 
is designed to create improved neuromuscular 
control of the lower extremities and core stability 
by teaching ball-playing youngsters to avoid situ-
ations in which an ACL injury could occur.
Unfortunately, only a few clinics in Sweden 
have collected data from physical tests per-
Fig. 1 One-leg hop straight forward
Fig. 2 Arthroscopy of the knee joint
Fact Box 1
• Football is the leading cause of ACL 
injuries.
• Forty percent of all surgeons perform 
fewer than ten ACL reconstructions a 
year.
• Overall the revision rate is about 3% but 
increases to 10% in the younger popula-
tion below 20 years of age.
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formed 6–12 months after surgery. In the ACL 
registry, surgeons can follow revision surgery 
and data of knee function measured with 
Knee injury and Osteoarthritis Outcome Score 
(KOOS) 1, 2, 5, and 10 years postoperatively. 
No data are available for true re-rupture rate 
or about return to play except for one study 
presented below.
Fig. 3 Football match
Fig. 4 KT-1000 laxity tester
Fig. 5 Measurement of knee joint range of motion using 
a goniometer
Fig. 6 Isokinetic measurement of knee extensors and 
knee flexors
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14.3  ACL Injury Revision Surgery
A total of 2330 revisions were registered in the 
ACL registry between 2005 and 2015. If we instead 
choose to follow the patients who initially under-
went surgery within the framework of the ACL reg-
istry and who then underwent revisions, 1290 
(3.5%) new operations were registered on patients 
who had previously undergone surgery. In this way, 
the follow-up period is longest for patients who 
underwent surgery in 2005, while it was only pos-
sible to follow up patients who underwent surgery 
in 2015 during that same year. In addition, 1162 
(3.2%) underwent a new ACL operation on their 
contralateral knee. Females underwent revisions to 
a larger extent than males, 3.8% compared with 
3.4% for the same knee and 3.4% compared with 
3.0% for the contralateral knee (www.xbase.nu).
Only 63 patients, out of 33 000 procedures, 
underwent revisions on two occasions, and only 6 
patients have undergone surgery 3 times. Based 
on the ACL injury registry, nobody has under-
gone more than three revisions.
Patients receiving hamstring tendon graft 
underwent revisions on the same knee in 3.6% of 
the cases compared with 3.0% for patients receiv-
ing patellar tendon graft. These data are difficult 
to assess, as the number of primary patellar ten-
don operations is only around 3057 compared 
with 31,871 for hamstring operations. As the 
number of patellar tendon operations was higher 
at the beginning of the study period, these data 
are probably also misleading. If the follow-up 
period is limited to 3 years and the period 2005–
2015 is analyzed, the number of revisions using 
patellar tendon graft is 2.2% compared with 2.9% 
for hamstring tendon graft. This still indicates a 
larger number of revisions for hamstring tendon 
reconstructions than for patellar tendon recon-
structions, which matches data presented from 
the registries in Norway and Denmark.
Patients below 20 years of age underwent 
revisions to a higher percentage. This is probably 
due to the fact that this patient group is more 
active and returns more frequently to sports. Six 
percent underwent revisions of the same knee 
and 6.5% of the contralateral knee.
Football players have lower revision rates 
compared to handball players but higher revision 
rates compared to alpine skiers. The reason for 
this is, however, unknown.
14.4  Rehabilitation After ACL 
Reconstruction
Tests before injury, e.g., at the start of the football 
season, should be mandatory in order to reveal pos-
sible physiological limitations to be used for leg 
comparisons at the time of the rehabilitation after 
an ACL injury and mainly when considering return 
to play. These tests should be reliable, responsive, 
and valid including measurements of range of 
motion, muscle flexibility, muscle strength, neuro-
muscular control (balance and coordination), as 
well as cardiorespiratory endurance.
A criterion-based protocol is used as a model 
of the rehabilitation following ACL reconstruc-
tion. There is a positive relation between goal set-
ting and adherence, which in turn yield a positive 
relation with the outcome of the rehabilitation 
[34]. The goals of the first two postoperative 
weeks are based on reducing swelling, improving 
Fact Box 2
• The overall revision rate for all patients 
is about 3%.
• Patients below 20 years have a revision 
rate of approximately 10%.
• The incidence of a new contralateral 
ACL injury is similar to the revision rate 
of the first ACL injury.
Fig. 7 Sport specific exercise for football players
S. Werner and M. Forssblad
pieter.orthopedie@gmail.com
177
range of motion and the control of the quadriceps 
muscle group, and training to restore a normal 
movement and gait pattern. The rehabilitation 
exercises go from closed kinetic chain to open 
kinetic chain with gradual increasing load. 
Functional exercises are started approximately 12 
weeks postoperatively and continue gradually 
toward sport-specific exercises when good muscle 
strength exists. During the entire rehabilitation, 
the muscle-strengthening exercises go from light 
resistance (low loads) and many repetitions to 
greater resistance (heavier loads) and few repeti-
tions. At 4–6 months of conditioning exercises, 
agility exercises and pivoting maneuvers at differ-
ent speeds are added. At approximately 6 months, 
the injured player is going through as well a num-
ber of physiological tests as psychological tests, 
mainly self-reported questionnaires, before a 
gradual return to play football is considered.
14.5  Project ACL: A Swedish 
Model of Following Up ACL- 
Injured Patients
The “Project ACL” is a local rehabilitation out-
come registry based in Gothenburg and the west-
ern part of Sweden. This project was established 
in August 2014 with the primary aim to improve 
care and treatment of patients who sustain ACL 
injuries. At present, about 1200 patients between 
9 and 66 years of age have been included in the 
project. On average ten new patients enroll to 
“Project ACL” each week. In addition, as of 
December 2016, data had been collected from 
approximately 3900 assessments of patient- 
reported outcome measures and 2400 evaluations 
of measurements of muscle function.
The inclusion of the “Project ACL” is volun-
tary. Both patients with ACL injury and their 
responsible orthopedic surgeon and physical 
therapist are asked to participate. “Project ACL” 
utilizes a web-based platform for regular assess-
ment with reliable and valid patient-reported out-
come measures (PROMs) and tests of muscle 
function for patients who have sustained an ACL 
injury: KOOS [26], EQ5D-3L [11], Knee Self- 
Efficacy Scale [29], Physical Activity Scale [14], 
Tegner Activity Scale [6, 28], and ACL Return to 
Sport Index [33]. Furthermore, the following 
tests for evaluating lower extremity muscle func-
tion are isokinetic muscle torque measurements 
of both knee extensors and knee flexors [12, 30, 
31]: one-leg hop test for distance [23, 25], one-
leg vertical jump [24], and one-leg side hop test 
[16]. This enables a thorough evaluation of the 
patient’s physical and psychological status and 
recovery, which normally is difficult to perform 
in the standard clinical setting. With the web-
based platform, the patients have the opportunity 
to share their results with their responsible ortho-
pedic surgeon and physical therapist for further 
feedback and evaluation. This methodology has 
ensured a high compliance of the assessments in 
“Project ACL.” The assessments in “Project 
ACL” are performed after a predefined schedule 
of follow-up at 10 weeks, 4 months, 8 months, 
12 months, 18 months, 24 months, and every fifth 
year after index ACL injury or reconstructive 
surgery.
After every assessment, “Project ACL’s” 
research database automatically updates. In 
addition, a personal report is instantly available 
online to the patient. Results from PROMs and 
tests of muscle function are reported on this 
patient- unique protocol after each assessment. 
The protocol contains the results from all assess-
ments that the patient has performed. The scope 
of “Project ACL” is to be clinician friendly, and 
therefore, every patient has the opportunity to 
also make their personal report available to the 
responsible physician and/or physical therapist. 
Accordingly, a patient’s participation in “Project 
ACL” may help the responsible orthopedic sur-
Fact Box 3
• The “Project ACL” is a local rehabilita-
tion outcome registry based in 
Gothenburg and the western part of 
Sweden.
• At present, about 1200 patients between 
9 and 66 years of age have been included 
in the “Project ACL.”
• All patients in the “Project ACL” are 
carefully followed up both objectively 
with clinical tests and subjectively with 
questionnaires.
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geon and physical therapist to evaluate the pro-
gression of recovery and rehabilitation after 
injury or surgery. Furthermore, the project has a 
unique, continuously and automatically updated, 
average statistics page available online from all 
assessments in “Project ACL” to support 
patients and clinicians in the evaluation of the 
rehabilitation. Additionally, there is a selection 
of relevant filters for stratifying the statistics to 
a specific subgroup, e.g., gender, age, time after 
injury/surgery, etc.
One concern in terms of patients with ACL 
injury is that previous studies have not consid-
ered the heterogeneity among patients. In addi-
tion, most studies in the literature do not have an 
interdisciplinary approach and may therefore be 
limited by confounding factors. Therefore, 
“Project ACL” has established collaboration with 
the Swedish National Knee Ligament Registry. 
National population-based registry studies pro-
vide a unique source of information by contain-
ing large numbers of patients that are followed 
over a long period of time. The collaboration 
comprises both orthopedic surgeons and physical 
therapists treating ACL-injured patients. The 
expectations are to utilize shared knowledge of 
patients with ACL injury between these medical 
professions to create studies covering the whole 
care and treatment for this patient group. In addi-
tion, together the registries include thousands of 
patients, enabling specific subgrouping to sport 
populations.
14.6  Predicting Factors 
for Returning to Play  
After ACL Reconstruction 
in Football Players
Football is one of the most popular sports and 
attracts the highest number of both male and 
female youngsters in Sweden today. However, it 
is a sport characterized by rapid changes of direc-
tions as well as cutting and pivoting movements 
which put heavy demands on knee joint stability. 
ACL rupture is a common and serious injury in 
football which may even lead to an end of a play-
er’s career. Therefore, most orthopedic surgeons 
recommend ACL reconstruction in ACL-injured 
football players trying to restore knee joint stabil-
ity to enable return to play. Return to sports after 
ACL reconstruction is generally allowed after 
6–12 months [7, 17].
Sandon et al. [27] tried to identify factors 
associated with returning to football after ACL 
reconstruction in a general footballing popula-
tion. Two hundred five football players who had 
undergone ACL reconstruction were followed up 
3.2 ± 1.4 years after surgery. Information about 
gender, age, side of injury, graft type, results of 
various scores, possible meniscus injury, and/or 
cartilage injury were collected using the Swedish 
ACL registry. The patients were surveyed with a 
questionnaire about present subjective knee func-
tion and sports participation. The results showed 
that 54% had returned to football, 35.5% at the 
same or higher level, and 18.5% to a lower level 
than before the ACL injury. The logistic regres-
sion analyses revealed three factors that signifi-
cantly predict whether a football player will 
return to football after an ACL reconstruction or 
not. Those were gender, cartilage injury, and pain 
during physical activity. The regression analyses 
of variables illustrated no significant associations 
between the other types of studied variables and 
return to football. There was a significant gender 
difference with regard to returning to football. 
Males returned to a higher extent than females, 
60% and 46%, respectively. Only 33% of those 
with joint cartilage injury returned to football 
compared to 59% of those without any joint car-
tilage injury. Pain was found to be the most com-
mon symptom in football players following ACL 
reconstruction. Almost half of the players com-
plained of knee pain in connection with physical 
activities, and pain was a significant negative fac-
tor in returning to football. This finding corre-
sponds well with the finding by Lentz et al. [20] 
who also reported that pain reduces the return to 
sports rate. In elite football players, Waldén et al. 
[32] reported a return-to-play rate of 94%, which 
is considerably higher than a rate of 54% in the 
present cohort and other studies [5, 27]. Ekstrand 
[10] argues that the access to the most experi-
enced orthopedic surgeons and physical thera-
pists, a rapid time to diagnosis and treatment, as 
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well as high financial incentives in elite players 
could be possible reasons for these differences.
From a clinical point of view, this study [27] 
shows that the rehabilitation of football players 
after ACL reconstruction is of great importance 
for a successful return to sport. Another finding 
was that in terms of rehabilitation, extra attention 
should be paid to female players and knee pain.
14.7  Return to Play
Focusing on the football player’s goal of return-
ing to play should start already at the time of the 
ACL injury and be a continuum throughout 
recovery and the entire rehabilitation [22].
Including both physiological and psychologi-
cal evaluation during the postoperative rehabili-
tation will improve the knowledge of the player’s 
possibilities and resources for returning to play. It 
is most likely that this will help the physician and 
physical therapist to determine when the player is 
ready for returning to football.
A player’s safe return to football requires 
assessment of neuromuscular control, muscle 
strength, and endurance. Objective, reliable, 
responsive, and valid tests such as isokinetic 
muscle torque measurements, concentrically and 
eccentrically of the knee extensors and knee flex-
ors [12, 30, 31], anterior knee laxity [9], and 
range of motion are recommended along with 
functional performance tests and football-related 
tests. Both muscle power tests and hop tests are 
recommended for evaluating knee function and 
thereby reveal possible functional limitations [4, 
21]. However, the player’s psychological readi-
ness for football should also be taken into account 
when determining the appropriate time for return-
ing to play. Psychological responses already 
before surgery and early recovery are associated 
with returning to preinjury level of sport [1], 
meaning that a successful return to play most 
likely starts already at the time of injury. There 
are a number of valid so-called subjective 
 instruments, mostly questionnaires, that could 
reveal important personality characteristics when 
considering return to play such as fear of re-
injury [1, 18], low self-efficacy [29], and/or lack 
of motivation [2, 3, 8]. The pressure that an ath-
lete might experience from coaches, parents, and/
or teammates can further complicate the ideal 
timing of returning to play, and the player could 
experience a “return-to-play stress.” When it 
comes to ACL injuries, two evidence-based 
scales from a psychological point of view have 
been recommended, “ACL Return to Sport after 
Injury Scale” [19] and “Injury-Psychological 
Readiness to Return to Sport Scale” [13].
The criteria for returning to play are complex, 
and no single test can determine an athlete’s read-
iness to return. This means that evaluation meth-
ods measuring different parameters are needed to 
obtain the most successful return to play 
(Table 1). A battery of tests measuring a variety 
of physiological parameters leads to higher sensi-
tivity than a single test [15, 16, 21]. Although not 
always evidence based, a number of different 
parameters are suggested for evaluation after 
ACL injury and/or reconstruction. These include 
pain level, the player’s confidence with the ACL- 
injured knee, range of motion, core stability, and 
thigh muscle strength and endurance as well as 
Fact Box 4
Return to play should include factors like:
• Stress of returning to play
• Fear of re-injury
• Low self-efficacy
• Lack of motivation
• Pressure from outside sources, e.g., 
managers, trainers, and teammates
Table 1 Suggestions for evaluating clinical status and 
physical performance after ACL reconstruction in football 
players
Clinical status Functional performance




Range of motion Countermovement jump
Muscle flexibility One-leg side hop test
Aerobic capacity One-leg zigzag side hop test
Sprint tests
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patient-reported outcome scores. In addition, it is 
essential to determine assessments of neuromus-
cular control and real football-like activities that 
at the same time are evaluating agility, muscle 
strength, endurance, and core stability. The func-
tional performance tests mirroring football 
should be carried out with high quality and with-
out pain and swelling during both non-fatigued 
and fatigued conditions [4]. Furthermore, differ-
ent types of hop tests and maneuvers requiring 
lateral movement as well as acceleration and 
deceleration should be involved in the battery of 
tests before considering return to play.
Take-Home Message
• In Sweden football players have the highest 
incidence of ACL rupture compared to ath-
letes in other sports.
• About 50% of all ACL injuries in Sweden are 
treated nonsurgically. However, all athletes 
participating in sports with high physical 
demands are generally operated on 4–6 weeks 
after injury.
• A player’s safe return to football requires 
assessment of neuromuscular control, muscle 
strength, and endurance as well as psychologi-
cal factors.
• In Sweden the time to return to football usu-
ally occurs 6–9 months after the ACL injury.
• In general, only 54% of ACL-injured football 
players in Sweden return to play. However, 
most of the elite players do return.
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15.1  Introduction
Anterior cruciate ligament (ACL) injury and 
related care are critical issues in sports and more-
over football medicine. Each year, worldwide, 
tens of thousands of patients experience such an 
injury. ACL injury is a serious and potentially 
career-threatening injury for the football player 
[1]. Even if a percentage of patients can deal with 
an ACL injury and are able to perform, the so- 
called copers [2], the majority of them do not.
ACL reconstruction (ACLR) remains the treat-
ment of choice in patients willing to return to 
strenuous activity and pivoting sport, such as foot-
ball. Given the number of procedures performed 
every year in the world, nearly 200,000 in the 
USA alone [3], the management of the ACLR ath-
lete is a common clinical challenge for the sport 
physician. Normal knee function and safe return 
to pre-injury activity level avoiding the second 
ACL injury are generally the acute goals of ACLR 
and subsequent targeted rehabilitation. Prevention 
and possible mitigation of the risk of early-onset 
osteoarthritis are the long-term goal of ACLR.
Return to play (RTP) at the same pre-injury 
level is often considered as one of the main and 
challenging outcomes in the literature after 
ACLR and rehabilitation. Recent systematic 
reviews report RTP rates of 63–65% after pri-
mary ACLR [4, 5] which are far from the general 
patient’s and patient’s environment expectations. 
This low percentage of patients actually return-
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ing to pre-injury level of sport participation 
underlines the fact that a lot has still to be done 
regarding ACLR patients.
Many variables including patient’s baseline 
features, surgery-related factors, and finally 
rehabilitation features, including functional per-
formance (Fig. 15.1), are believed to interact in a 
complex manner in determining RTP chances for 
the athlete.
The aim of this chapter, in which we will show 
original data, is to present the evidence-based 
state of the art in RTP predictors after ACLR.
Defining which baseline factors correlate with 
better or lower probability to RTP efficiently will 
help the clinician in targeting patient’s expecta-
tions. On the other hand, underpinning which 
rehabilitation features, including functional test 
results, are associated with RTP will help the cli-
nician to apply the best strategy to improve 
patient’s outcomes and RTP rate.
15.2  Predicting RTP After ACLR: 
Literature Results
During the last years, the increased interest in 
registry-based research all over the world brought 
new insight also in the field of RTP predictors 
after ACLR. Many factors have been advocated 
to influence the RTP probability in literature.
15.3  Baseline Factors
Age is the first factor that may influence the RTP 
rate after ACLR. Lentz and Ardern [6, 7] reported 
that young age was positively associated with 
returning to pre-injury level of sport. It is shown 
that young patients tend also to be clinically dis-
charged faster from rehabilitation after ACLR [8]. 
Gender appears to be a critical issue; male athletes 
are reported to have higher odds of RTP. A recent 
review shows clearly that the  average pooled RTP 
rate for male patients is 61% vs. a 52% reported 
for the female counterpart [5]. Another important 
baseline factor is pre-injury activity level. Elite 
sport athletes have more than twice the odds of 
RTP if compared to nonelite athletes [5].
Fact Box 1
RTP after ACLR is a complex and multi-
factorial outcome; a biopsychosocial model 
should be adopted to face the RTP 
decision.
Fig. 15.1 Groups of possible predictors of RTP after 
ACLR. If baseline variables are often non-modifiable, surgi-
cal and especially rehabilitation factors are often potentially 
modifiable factors. We believe that a biopsychosocial 
approach should be used when considering the ACL- injured 
athlete. As return to play is returning to fully participate in 
society, we need to take into account biological, psychologi-
cal and environmental factors to improve outcomes
F. Della Villa et al.
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15.4  Surgery Factors
Many surgical factors have been extensively 
evaluated as possible predictors of func-
tional outcomes following ACLR, including 
RTP. There is still no consensus about graft 
choice for primary ACLR; bone patellar ten-
don bone (BPTB) autograft and hamstring (HT) 
autograft seem to have similar results in terms of 
RTP [5]. Also regarding surgical technique, lit-
erature is lacking of information regarding dif-
ferences in RTP between different techniques. 
It is likely that the inner complexity of the RTP 
outcome is one of the reasons of this lack of 
differences between surgical techniques. Many 
athlete-related factors may influence more the 
decision to RTP, considering that in a high per-
centage of cases, this is multifactorial, and also 
based on psychological factors, such as fear of 
reinjury, inner personality traits or life’s chang-
ing events [9].
On the other hand, it is clearly shown that revi-
sion ACLR is associated with a lower RTP rate. In 
a recent systematic review, we documented a 43% 
RTP rate for revision procedures compared to 
63% for primary ACLR [4]. The presence of a 
knee cartilage injury was associated with a 70% 
decrease in RTP chances in a recent study on 
more than 200 football players [1].
15.5  Rehabilitation Factors
This wide family of possible factors correlating 
with RTP after ACLR has not been already stud-
ied deeply. This may be partially due to the rela-
tive predominance of surgery-based ACLR 
registry instead of rehabilitation based.
Associations were documented between cer-
tain physical functioning variables and RTP after 
ACLR. Higher postoperative quadriceps strength, 
less knee effusion, lower pain and fewer episodes 
of instability [10] correlates with higher RTP rate. 
On a large cohort of patients, a strong association 
was documented between the IKDC subjective 
score and the RTP rate [7], underlying the concept 
that a certain level of knee and physical function-
ing is recommended to RTP efficiently.
Psychological factors, both baseline and postop-
erative, had often been cited as predictors of RTP. A 
significant association was reported between lower 
ACL-RSI scale score (ACL Return to Sport after 
Injury scale) and RTP chances: patients with lower 
postoperative athletic confidence had also less 
chances to RTP [11]. Different types of fear are 
described after ACLR, fear of pain and especially 
fear of reinjury, that are negatively associated to 
RTP [12]. It was reported that the Tampa Scale of 
Kinesiophobia (TSK) score was higher (indicating 
more fear) in the non-RTP group and this was 
reflected on patient’s quality of life [12]. Higher 
preoperative motivation is also considered a strong 
predictor. Preoperative profiling of the ACL 
patients was shown to be beneficial [13].
15.6  The Isokinetic Medical Group 
ACL Cohort
15.6.1  Study Group
From 2010 to present, we are enrolling patients 
after ACLR. At the time of the chapter submis-
sion, 1507 subjects were enrolled in the present 
study. The aim of our study was to detect possible 
Fact Box 2
Many variables have been reported to influ-
ence patient’s probability to RTP after 
ACLR.
Baseline and surgery factors:
• Age
• Gender
• Pre-injury activity level
• Revision ACLR
• Associated knee cartilage injury
Rehabilitation and psychological factors:
• Postoperative quadriceps strength
• Postoperative knee effusion and pain
• Fewer episodes of instability
• Athletic confidence and motivation
• Fear of reinjury
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predictors of functional outcomes after ACLR in 
a large “rehabilitation-based” cohort of patients. 
RTP, described as return to pre-injury sport and 
activity level, is the main outcome of our study.
Inclusion criteria were (1) having had ACLR 
and (2) having done at least a postoperative 
rehabilitation medical consultation in our cen-
tres (Isokinetic Medical Group). The decision of 
having such broad inclusion criteria is thought to 
include all the possible predictors of functional 
outcome. The patients followed the same 
criterion- based RTP protocol, as previously 
described in literature [14].
Baseline, surgery factor and rehabilitation 
factor data, including functional testing results 
during rehabilitation, were gathered from a sys-
tematic revision of the clinical records.
Functional testing (isokinetic test and threshold 
test) during rehabilitation has been performed using 
protocols that we have previously described [14]. 
1205/1507 patients completed at least one isokinetic 
test. 763/1507 completed at least one threshold test.
Patients were clinically followed up annually 
with a dedicated form including a comprehensive 
return to sport assessment.
At the time of this preliminary analysis, 
1279/1507 patients, corresponding to 84.8% of the 
cohort, completed a minimum 12-month follow-up.
15.6.2  RTP Results
Considering the whole cohort, the 94.4% of 
patients returned to some kind of sport or physical 
activity, and 76.4% returned to the same pre- injury 
sport, but only the 66.3% of patients returned to 
pre-injury sport at the same competitive level. We 
considered this last reported outcome (same sport 
at the same competitive level) as the main result of 
the study and our final RTP rate.
15.6.3  Isokinetic Medical Group 
Cohort: Baseline RTP 
Predictors
The baseline and surgical variables influencing the 
RTP rate significantly at the univariate (UV) and 
multivariate analysis are reported in Table 15.1, 
while the RTP rate for each subgroup is reported in 
Table 15.2 (Figs. 15.2, 15.3, 15.4 and 15.5).
Table 15.1 Predictors of RTP after ACLR. Baseline model
Baseline and surgery factor model (logistic regression analysis)
Univariate Multivariate
Factors (number of cases for each subgroup) OR 95% C.I. p OR 95% C.I. p
Male (989) vs. female (290) 1.46 1.11–1.91 0.006 1.54 1.13–2.08 0.005
Age <29 (627) vs. age >29 (652) 1.26 1.00–1.59 0.049 1.00 0.77–1.30 0.956
Elite (93) vs. nonelite (1177) 2.58 1.48–4.48 0.001 2.00 1.12–3.55 0.017
BMI ≥ 25 (330) vs. BMI < 25 (942) 0.71 0.54–0.91 0.009 0.72 0.54–0.96 0.028
Football (403 cases) vs. other (874 cases) 1.44 1.11–1.86 0.005 1.15 0.86–1.55 0.327
Revision (96 cases) vs. primary ACLR 
(1183)
0.63 0.41–0.96 0.033 0.62 0.39–0.99 0.046
Delayed ACLR >77 d (630) vs. early ACLR 
<77 d (625)
0.58 0.45–0.73 0.000 0.63 0.49–0.82 0.000
Univariate and multivariate analysis
Statistically significant result reported in bold
OR odds ratio, CI 95% confidence interval, M male, F female, BMI body mass index, ACLR anterior cruciate ligament 
reconstruction, d days
Fact Box 3
Male gender, elite sport level, primary ACLR, 
early surgery (within 77 days) and BMI < 25 
are positively associated with RTP rate.
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Analysis time
Non elite Elite
Elite sport level influence on RTP after ACLR
Fig. 15.2 Kaplan Meier 
survival estimates for 
RTP after ACLR. Elite 
sport athletes (93 cases) 
RTP more frequently 
and also faster than 
nonelite athletes (1177 
cases). At 6 months after 
ACLR, over 60% of elite 
athletes had returned to 
play vs. <30% of the 
remaining athletes. 1270 
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Analysis time
Female athletes Male athletes
Gender influence on RTP after ACLR
Fig. 15.3 Kaplan Meier 
survival estimates for 
RTP after ACLR. Male 
patients (red line) have 
more probability to RTP 
compared to the female 
counterpart
15.6.4  Isokinetic Medical Group 
Cohort: Rehabilitation RTP 
Predictors
Among rehabilitation factors, quadriceps 
strength, cardiovascular fitness reconditioning 
and completing a stepwise on field rehabilita-
tion (OFR) programme were correlated with 
RTP in our cohort, as reported in Tables 15.3 
and 15.4.
Fact Box 4
Recovery of quadriceps strength, proper 
metabolic recovery and complete on field 
rehabilitation correlate with higher rate of 
RTP. These factors are potentially modifi-
able, and the sport medicine team should 
focus on modifiable factors to improve the 
patient’s outcome.
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Time from ACLR (months)
Side to side deficit <10% Side to side deficit >10%
Quadriceps strength recovery influence on RTP after ACLR
Side to side Max Peak Torque % difference at the last Isokinetic test at 90°/s
Fig. 15.4 Kaplan Meier 
survival estimates for 
RTP after ACLR. 946 
included in this analysis. 
Patients that had 
achieved a complete 
quadriceps muscle 
strength recovery at the 
end of rehabilitation 
have also had constantly 
more probability to RTP; 
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Time after ACLR (months)
Incomplete OFR Complete OFR 
On Field Rehabilitation influence on RTP after ACLR
The role of compliance in a stepwise OFR programme after ACLR
Fig. 15.5 Kaplan Meier 
survival estimates for 
RTP after ACLR. 1264 
patients included in this 
analysis. Compliance in 
the OFR programme is 
associated constantly 
over time to higher RTP 
odds. OFR on field 
rehabilitation
Table 15.3 Relationship between rehabilitation factors and rate of RTP
Rehabilitation factors
Factor (cases) Quadriceps strength recovery On field rehabilitation
Metabolic recovery AT vel 
(km/h)
<10% (501) >10% (445) Complete (397) Incomplete (867) >8.6 (301) <8.6 (351)
RTP rate (%) 73.4%* 64.3% 77.1%* 61.1% 72.8%* 65.4%
AT aerobic threshold velocity at the last threshold test
* = statistically significant result (p < 0.05)
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15.7  Embedding Original 
Research into Clinical 
Practice
Given all the numbers, if we really want to ame-
liorate patient outcomes and health, original and 
literature research has to be translated into clini-
cal practice (Fig. 15.6). Evidence behind func-
tional outcomes has to be part of the clinician 
approach to the ACLR patient. Generating tools 
to share realistic numbers with patients and 
patient’s environment is a present option in the 
modern sport-medicine landscape. We deeply 
believe that a correct implementation of study 
results, in an understandable way, is a crucial 
point to move forward.
15.8  Conclusion and RTP 
Recommendation
In conclusion the existing literature and the data 
we presented in this chapter highlight the exis-
tence of different RTP predictors after 
ACLR. Even if RTP decision remains a patient’s 
choice, also based on not-knee-related factors, a 
number of baseline characteristics of the patient, 
plus a series of modifiable factors, are correlated 
to this decision. As physical functioning (as mus-
cle strength and fitness reconditioning) and com-
pliance in rehabilitation correlate with better 
outcomes, the importance of following (and com-
pleting) a criteria-based rehabilitation with full 
compliance should be encouraged. Following 
ACL injury patients need to be correctly coun-
selled, with real numbers about RTP probabili-
ties. Clinician should be aware about this numbers 
and moreover about the possibility to increase the 
odds of a positive outcome with a proper exercise 
intervention.
Although the ideal RTP test battery has not 
been established yet, and may never be, we pur-
pose to base the RTP clearance decision on the 
criteria reported in Table 15.5. As the risk of a 
second ACL injury is as high as 23.5% in young 
active patient after RTP [15], we also need to 
highlight the importance of proper neuromuscu-
lar control in high-speed athletic tasks prior 
Table 15.4 Predictors of RTP after ACLR
Rehabilitation factor model (logistic regression analysis)
Univariate Multivariate
OR 95% C.I. p OR 95% C.I. p
Quad deficit <10% vs. >10% 1.53 1.16–2.02 0.002 1.45 1.00–2.13 0.049
Complete OFR vs. incomplete 2.14 1.63–2.81 0.000 1.58 1.06–2.35 0.024
AT vel > 8.6 km/h vs. <8.6 km/h 1.79 1.27–2.52 0.001 1.54 1.04–2.30 0.032
Age (<29 vs. >29 years) 1.00 0.68–1.46 0.996
Sex (M vs. F) 1.17 0.67–1.48 0.459
Rehabilitation model
Univariate and multivariate analysis
Statistically significant result reported in bold














Fig. 15.6 The Blue world (original and literature 
research) and the Red world (clinical application) are two 
parts of the same “patient first” approach. Without cross 
talking between the worlds, we won’t progress
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RTP. A qualitative movement pattern evaluation 
(Fig. 15.7) may be a critical addiction in address-
ing this often overlooked aspect, associated to the 
second injury risk in female athletes [16]. Further 
studies, with prospective design, are needed in 
order to establish the best safe RTP predictors 
following ACLR.
Take-Home Messages
• RTP following ACLR is a complex biopsy-
chosocial outcome. In our study, the 94% of 
the patients returned to some kind of activ-
ity and the 76% to same sport but only the 
66% RTP to same sport and same activity 
level.
• Male athletes have 50% greater probability to 
RTP (same sport and level) after ACLR com-
pared to the female counterpart
• Elite sport level guarantees two times greater 
probability to RTP (same sport and level), 
 displaying completely different results if com-
pared to recreational level.
• Overweight athletes (BMI > 25) had poorer 
results in terms of RTP in our cohort.
• Early ACLR (within 2.5 months) is associated 
with higher odds to RTP and maybe recom-
mended to ACL-injured athlete, as this is a 
modifiable factor.
• Revision ACLR is associated to lower results. 
It seems that the second time is much more 
difficult to RTP efficiently.
• Achieving complete quadriceps strength 
recovery was associated to higher RTP rate 
and faster recovery and should be pursued in 
rehabilitation.
• Metabolic reconditioning should be a target of 
ACLR rehabilitation as higher aerobic fitness 
recovery correlated with better results.
• Attention in the last phases of rehabilitation 
should be high as compliance in the OFR pro-
gramme was an important predictor of RTP in 
our cohort.
• Correct patient counselling on RTP rate plus a 
systematic addressing of the modifiable fac-
tors should be applied after ACL injury and 
ACLR.
Fact Box 5
Qualitative movement pattern evaluation is 
at the state of the art of ACL rehabilitation 
and should be integrated in RTP criteria.
Fig. 15.7 The present and future of ACLR rehabilitation 
are related to the neuro-sensory-motor aspects of complex 
movement patterns
Table 15.5 Isokinetic medical group RTP criteria fol-
lowing ACLR
Criteria to RTP after ACLR
1.  No giving way episodes (<1)
2.  Complete recovery of knee ROM (as the 
contralateral knee)
3.  Complete recovery of quadriceps and hamstring 
strength (isokinetic test LSI 100%)
4.  Hamstring/quadriceps (H/Q) ratio >0.70. Measured 
at isokinetic test (90°/s maximal peak torque)
5.  Complete recovery of adequate qualitative movement 
patterns. MAT score ≥90 points/100
  (a)  No evidence of dynamic knee valgus
  (b)  Adequate pelvis and trunk stability and dynamic 
control
  (c)  Adequate shock absorption with the proficient 
use of knee and hip flexion
  (d)  The proficient use of a hip strategy, no evidence 
of a knee strategy
6.  Cardiovascular match fitness recovery, measured at 
the aerobic/anaerobic threshold test. For football 
players aerobic threshold velocity (AT2) ≥11.5 km/h 
and anaerobic threshold velocity ≥13.5 km/h
7. Complete on filed rehabilitation programme
15 ACL: Criteria-Based Return to Play—Outcome Predictor Analysis After ACL Reconstruction
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16.1  Introduction
Anterior cruciate ligament (ACL) rupture is a 
troublesome injury for a football player and the 
long-term consequences, such as early-onset 
osteoarthritis [1]. Interestingly, a recent study 
reported an increase in the number of annual 
ACL injuries recorded in US Major League 
Soccer (MLS) from 1996 to 2012: there has been 
at least one ACL tear per year and a greater num-
ber of ACL tears of the left versus the right knee. 
The ACL injury rate is 0.4 per team per season, 
which means that a club on average will see an 
ACL injury every second season [2]. In particu-
lar, injury is more frequent in female soccer play-
ers (they have almost 7 times the odds of 
sustaining a primary ACL tear compared with 
their male counterparts) [3], total rupture rate is 
significantly higher than the partial rupture rate, 
and the match ACL injury rate is 20 times higher 
than the training injury rate [4].
A debated risk factor in the literature is fatigue, 
but many of the ACL injuries actually occur early 
in the first half or among newly substituted play-
ers in the second half [5]. This finding suggests 
that if fatigue is a risk factor, it is probably more 
an effect of accumulated fatigue over time, for S. Zaffagnini (*) • L. Macchiarola • I. Cucurnia   
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example, owing to a congested match calendar 
[6, 7], than energy depletion per se in the match 
where the ACL injury occurs.
16.2  ACL Treatment 
in Professional Football 
Players
The general opinion among football medical doc-
tors is that football players with an ACL injury 
need an ACL reconstruction in order to continue 
playing. The rationale for surgical intervention 
after ACL injury is to restore the pre-injury activ-
ity level [3].
The caretaking at the elite level represents, in 
many ways, the optimal situation: players at this 
level are supported by a highly qualified medical 
team, the time to diagnosis for this court is as a 
mean 8 days, and access for a diagnostic MRI is 
straightforward.
Marcacci et al. compared clinical results of 
surgical reconstructions within 15 days, and after 
3 months from the injury, they obtained better 
results in terms of return-to-sport and laxity test-
ing in the early reconstruction group [8]. Early 
surgery can thus be another factor behind the 
high success rates at elite level, but it is not com-
pletely proved [9].
Another important factor is the postopera-
tive rehabilitation. Most certainly, the rehabilita-
tion after ACL surgery has improved markedly 
during the last 20 years, but the possibility of 
being helped by a physiotherapist also differs 
between elite and amateur level. In Scandinavia, 
for example, an amateur football player is nor-
mally helped by a physiotherapist for about 1 h 
2–3 times a week following ACL surgery; on 
the other hand, a player at elite level normally 
receives help from a team physiotherapist several 
hours every day [10].
Even if a majority of players can return to 
football after ACL injury/reconstruction, some 
sustain further knee problems and need of sur-
gery [11, 12].
Walden et al. [4] have previously reported that 
many elite football players suffer from synovitis 
and other overuse injuries shortly after their 
comeback to football, possibly indicating 
 premature return. At the professional level, econ-
omy has to be considered as an additional factor, 
with monetary implications increasing the desire 
to return to play. The high numbers of return to 
play after ACL surgery might reflect a satisfac-
tory outcome, but could also be regarded as knee 
abuse with a risk of further joint injury and sub-
sequent development of osteoarthritis. Another 
important finding is the mean absence from full 
team training between 6 and 7 months after sur-
gery. This means that, even with optimal caretak-
ing and resources, this is the time it takes and 
shorter rehabilitation could create an additional 
problem.
Generally, all players who underwent ACL 
reconstruction for a total rupture are able to 
return to training, but the ipsilateral re-rupture 
rate (4%) and the need for other ipsilateral knee 
surgery (3%) before return to competitive activity 
are not negligible. Finally, the return-to-practice 
(RTP) rate within a year after ACL reconstruc-
tion for a total rupture is very high within 
10 months (>90%), 89% participates in elite 
match play within 12 months, but only 65% com-
pete at the highest level 3 years later. ACL re-
ruptures are seen especially in younger athletes 
who return to sports. In particular, according to 
Wiggins et al. [13], when they are compared to 
uninjured  subjects, they have a 30–40 times 
greater risk of ACL injury higher than those for 
uninjured subjects. The risk for ipsilateral graft 
rupture seems to be greatest in the first 2 years 
after ACL reconstruction, and a relatively higher 
proportion of contralateral ACL ruptures are seen 
with increasing follow-up periods [14].
Fact Box 1
Generally, all players who underwent ACL 
reconstruction are able to return to training, 
but the re-rupture rate is not negligible. 
Even if 89% of professional athletes play 
within 12 months, only 65% competes at 
the highest level 3 years later.
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It is well known that release for RTP after 
injury/surgery is a complex process, and, trying 
to understand which factors could influence out-
comes, it is possible to determine extrinsic and 
intrinsic factors.
Between extrinsic factors only the “acceler-
ated rehabilitation” concept by Shelbourne and 
Gray [15] is considered a vital goal, especially 
for high-level athletes. Application of this prin-
ciple allowed professional athletes to return to 
sport as soon as 6 months after ACL reconstruc-
tion. However, caution should be used, as early 
return to sport has been demonstrated to be 
related to ACL failure, especially in cases of pri-
mary reconstruction with allograft tissue [16]. 
There are other extrinsic factors on outcome, 
such as type of graft, surgical technique, or fixa-
tion technique.
Intrinsic factors are patient’s anatomy, biolog-
ical response, and type of lesion. Morphological 
knee parameters such as tibial slope, notch 
width, and femoral condyle shape have been cor-
related with increased risk of ACL injury, ACL 
reconstruction failure, or postoperative laxity 
[17]. Furthermore, with regard to knee align-
ment, varus deformity has been demonstrated to 
increase tension on the ACL [18]. Furthermore, 
every patient has their own specific genetic 
makeup and biology, and lack of incorpora-
tion of the graft and biological failure are well- 
recognized causes of poor outcomes after ACL 
reconstruction [19]. Clinicians must consider the 
lesion pattern and concomitant injuries: medial 
meniscus deficiency is responsible for increased 
stress on the ACL during AP tibial transla-
tion [20], while lateral meniscal deficiency is 
responsible for increased rotational laxity dur-
ing the pivot-shift maneuver [21]. Grade II 
medial collateral ligament (MCL) lesions were 
recently recognized as a risk factor for ACL 
failure with an odds ratio of 13, and untreated 
posterolateral corner lesions have been demon-
strated to increase the risk of ACL failure and to 
worsen outcomes [22, 23]. Finally, concomitant 
lesions (such as cartilage injuries) are a funda-
mental variable in the final return-to-sport deci-
sion, as even isolated cartilage procedures like 
microfractures usually need a longer recovery 
time compared with ACL reconstruction, about 
8–12 months even in  competitive athletes sub-
mitted to aggressive rehabilitation [24, 25].
16.3  The Role of Laxity 
Assessment
The static function of the ACL in the knee stabil-
ity is to provide constraint when a force is applied 
(posteriorly) to the tibia, forcing it to translate 
forward from the femur. From a dynamic point of 
view, the intact ACL (especially its posterolateral 
bundle) limits the internal rotation and anterior 
subluxation of the lateral compartment of the 
knee, assuring its stability when complex vectors 
of forces are applied, such as during pivoting 
sports [26].
The assessment of the knee laxity represents a 
key factor when approaching the ACL-injured 
athlete in the presurgical phase, since knee laxity 
represents an important diagnostic tool and deter-
minates the treatment algorithm. It was demon-
strated that a high grade of pre-reconstruction 
knee laxity significantly increases the odds of 
graft failure and revision [27].
Also an intraoperative evaluation of the resid-
ual laxity might suggest the need for additional 
surgical procedures. In fact, although the ACL is 
the main ligament for static and dynamic knee 
stability, other anatomical structures such as 
menisci and the anterolateral ligament (ALL) 
have been demonstrated to play a minor role in 
knee stability [28, 29].
For this reason the authors recommend always 
to perform a complete assessment and recon-
struction of the damaged structures, to obtain the 
best results in terms of return to sport.
Finally, it is useful to evaluate the knee laxity 
throughout the postoperative period, to verify the 
integration of the graft and to decide the right 
moment for the athlete to return to professional 
sport activity [30].
It was demonstrated, with a biomechanical 
in vivo experiment, that rotational stability of the 
ACL-reconstructed knees did not show much 
improvement at the 3-month follow-up after sur-
gery, but at the 12-month control, they showed a 
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rotational stability comparable to the healthy 
contralateral side. This suggests that the graft 
undergoes significant remodeling over time 
detectable by laxity assessment [31].
16.4  Clinical Evaluation 
of the Knee Laxity
In the clinical setting, the most elementary and 
rapid tools for the physician to evaluate the ACL 
function are the anterior drawer test and the 
Lachman test [32] for the static laxity (Fig. 16.1). 
The dynamic laxity is evaluated with the pivot- 
shift test (PS) [33] (Fig. 16.2).
These examinations were described during the 
1970s and led to better accuracy in diagnosis of 
the ACL injuries; in particular the Lachman has 
been demonstrated to be the most sensitive test, 
while the PS is the most specific test, especially 
under anesthesia [34].
The execution and grading of these tests are 
dependent on the experience of the physician and 
thus subjective; moreover, they involve great 
intra- and inter-examiner variability since applied 
manual loading cannot be standardized [35].
Nevertheless, a wide accepted clinical classifi-
cation of the International Knee Documentation 
Committee (IKDC) ranks the knee laxity in four 
grades (from “A” to “D”) based on the millime-
ters of anterior tibial translation in Lachman and 
anterior drawer test and on the subjective feeling 
of tibial reduction for the PS test. In this classifi-
cation the contralateral healthy side is taken as 
reference [36].
16.5  Instrumented Quantification 
of the Unidirectional Static 
Laxity
Among the first instruments designed for the 
evaluation of the ACL injuries, there are KT1000 
(MEDmetric Corp, San Diego, CA, USA) and 
the Rolimeter (Aircast, Europe). These mechani-
cal joint arthrometers are inexpensive and easy to 
use, allowing their application in an ambulatory 
setting. The KT1000 resembles the Lachman test 
in its execution and permits to calculate the force 
(in Newton) applied on the proximal tibia at 20° 
of flexion and to quantify its consequent anterior 
subluxation (in millimeters) [37] (Fig. 16.3).
Nowadays, this device is extensively used in 
the management of ACL reconstruction [38].
Rolimeter, which is normally used to quantify 
the anterior drawer test, is a simpler device that 
measures the anterior translation of the tibial 
tubercle, at 20° of flexion when a manual load is 
applied (Fig. 16.4).
Despite its simplicity, Rolimeter have been 
demonstrated to be as reliable and reproducible 
as KT1000 in the knee laxity assessment [39, 40]. 
Anyway, the opinion about the relation between 
KT1000 and Rolimeter data and clinical outcome 
is not unanimous, so the utility of these two 
instruments is not wide yet.
Fig. 16.1 The arrow shows the direction of the force 
applied on the tibia during the Lachman test
Fig. 16.2 The execution of the pivot-shift test, arrows 
show multiple vectors applied on the limb
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16.6  Assisted Assessment 
of the Multidirectional 
Dynamic Laxity 
with the Pivot-Shift Test
The pivot shift is a phenomenon occurring in the 
ACL-deficient knee when, in extension, the lat-
eral tibial plateau is anteriorly subluxated: at a 
certain degree of flexion, the increased tension 
elicited by the iliotibial band causes a sudden 
reduction upon the condyles. The combined 
movement of the tibia during this maneuver can 
be divided in external rotation and posterior 
translation [41].
Given the complex kinematics of the PST, a 
number of parameters have been described in the 
literature for quantification. These parameter can 
be classified in four groups (translations, rota-
tions, acceleration/velocity, and others), thus 
pointing out the lack of consensus and of stan-
dardized methodology among physicians [42].
During recent years several devices have been 
developed for the assessment of the knee dynamic 
laxity, the most promising being surgical naviga-
tion, electromagnetic sensors system, inertial 
sensors, and image analysis system [43].
16.6.1  Computer-Assisted Surgical 
Navigation
First developed during the 1990s, computer- 
aided surgery (CAS) has been used during ACL 
reconstruction to implement the tunnel drilling 
and the isometry of the graft and later to evaluate 
the knee kinematics [44].
Fig. 16.3 KT1000 
measures the anterior 
tibial translation when a 
standard force  
is applied
Fig. 16.4 Rolimeter measures anterior tibial translation 
during an anterior drawer maneuver
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Determination of the patient anatomy is 
needed for CAS, and this can be achieved with a 
preoperative computer tomography, intraopera-
tively with fluoroscopic X-rays, or more com-
monly with an image-free digitalization of certain 
anatomical structures using navigated pointers. 
In order to evaluate knee kinematics, either 
 electromagnetic or optoelectronic technology is 
utilized to evaluate joint positions and move-
ment. Trackers and receivers are fixed invasively 
to the bones under anesthesia; thus, no skin-
related artifacts are present with this technology 
[45]. Using a navigation system (BLU-IGS, 
Orthokey, Lewes, Delaware, DE, USA), static 
and dynamic laxity measurements demonstrated 
that compared to single-bundle ACL-R, the dou-
ble-bundle technique provides better laxity con-
trol during the PST [46].
16.6.2  Electromagnetic Sensor 
System
In vivo first evaluation of the knee movement 
during PST in 6 degree of motion (DOF) was per-
formed by Bull et al. [41] using the electromag-
netic system; they used sensors which were fixed 
into the femur and tibia with pins. Their measure-
ments were accurate but the technique was 
invasive.
Noninvasive electromagnetic tracking devices 
(FASTRAK or LIBERTY, Polhemus, Colchester, 
VT, USA) have a sampling rate of 60 Hz and 
249 Hz, respectively, and a root square accuracy 
of 0.03 mm and 0.15° of rotation [47].
The system is composed of three electromag-
netic receivers and transmitters that produce an 
electromagnetic field. The first and the second 
receivers are fixed on the thigh and below the 
tibial tubercle with braces; the third is utilized to 
record and reconstruct the three-dimensional 
anatomy of the limb through seven bony land-
marks. The respective movements of the tibia and 
femur are then visualized and analyzed on a lap-
top as a virtual limb [48].
Electromagnetic devices have been used 
for over a decade and are precise, reliable, and 
 noninvasive. Nevertheless, metallic objects can 
produce signal disturbances, and wireless systems 
are yet to be developed to facilitate examinations.
16.6.3  Inertial Sensors
These devices have received growing attention 
during the last years; they exploit the fact that the 
lateral aspect of the tibia undergoes a sudden 
acceleration during reduction in the pivot-shift 
maneuver. This value can be calculated (in m/s2) 
and visualized on a graph (Fig. 16.5).
16.6.3.1  Triaxial Accelerometer
KiRA (Orthokey, LLC, Lewes, DE, USA) is 
attached with a strap between the tibial tuberosity 
Fig. 16.5 Triaxial accelerometers are able to measure the 
accelerations in the three-dimensional space
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and Gerdy tubercle and connected wireless with 
a tablet. The PST examinations can be performed 
before surgery and under anesthesia and is able to 
show statistically significant differences in accel-
eration between ACL injured and intact knees 
[49, 50].
At the 6-month follow-up, the values of accel-
eration normalized. However, it was shown that 
the specificity of the device varies from 50% to 
90% depending on the experience of the tester 
[51].
KiRA was validated for clinical practice in the 
treatment of the ACL injury [52].
16.6.4  Optical Motion Capture 
Technique
Image analysis measures posterior translation of 
the tibia during pivot shift correlating with clini-
cal grading of the PST [53, 54].
Using an iPad technology (PIVOT, Impellia 
Inc., USA), the recorded translation of the lateral 
compartment was related the IKDC clinical clas-
sification. Significant differences were found 
between the ACL-injured and contralateral side 
of the included patients; moreover, there was a 
significant difference in mean translation between 
knees graded as 1 when compared to knees 
graded as 2 [55]. It has been demonstrated that 
both inertial sensors and image analysis devices 
are able to differentiate between high-grade and 
low-grade PTS results according to the IKDC 
classification, making them optimal tools for 
diagnosis and follow-up [56].
16.7  The Neuromuscular Factor 
After ACLR
There is a significant difference between PST in 
awake and anesthetized patients; in particular, 
they obtained lower values of tibial acceleration 
and lateral compartment translation in the awake 
group. This suggests that the neuromuscular 
component might play an important role in deter-
mining the grade of dynamic knee laxity [57]. It 
was also demonstrated that the local neuromus-
cular condition varies during the first postopera-
tive year, influencing the stability of the knee 
joint as well [58].
According to the author’s clinical experience 
and studies, KiRA device permits the evaluation 
when the neuromuscular response of the operated 
limb reaches the same level of the uninjured 
knee, during the rehabilitation of the athlete [59]. 
This can be a useful aid in the return-to-sport 
decision process (Fig. 16.6).
Take Home Points
• Most physicians prefer manual testing of the 
Lachman and PST to assess the athlete readi-
ness to return to play [60]; in particular the 
PST correlates to clinical outcomes and the 
development of osteoarthritis [61, 62].
Fact Box 2
Inertial sensors exploit the fact that the lat-
eral aspect of the tibia undergoes a sudden 
acceleration during the pivot-shift maneu-
ver: this acceleration can be on a graph. 
Moreover, the KiRA device has been vali-
dated for the evaluation of the anteroposte-
rior laxity.
Fig. 16.6 The accelerations occurring during the pivot- 
shift test are measured with KiRA and visualized on a 
tablet
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• Anterior laxity measured with KT1000 cannot 
predict return to football [63–65].
• Dynamic laxity 5 years postoperatively was 
greater in ACL-reconstructed knees than in 
uninjured knees, suggesting that this may 
affect the return to sport and risk of osteoar-
thritis [66].
• Currently, the timing of when an athlete 
returns to sport varies with rehabilitation 
 programs, but no consensus rehabilitation pro-
gram exists for athletes recovering from ACL 
reconstruction [67, 68].
• Actually, the return-to-sport decision is 
mostly based on subjective non-specific crite-
ria [69]; on the other hand, objective criteria 
(like muscle strength, ROM, effusion) are 
used less [70].
• The vast majority of surgeons consider 
6–8 months as a cut-off value for allowing 
sport resumption [71].
• The authors’ preferred approach is using a 
sport-specific program to obtain more effec-
tive rehabilitation programs for athletes after 
surgery that allowed 95% and 62% of profes-
sional male soccer players to return to the 
same professional sport activity 1 and 4 years 
after surgery [72].
• Anyway, using a restricted test battery, the 
majority of patients who are 6 months after 
ACLR require additional rehabilitation to pass 
RTS criteria [73].
• It is important to create a new RTS battery 
with objective and restricted criteria in order 
to optimize the decision-making regarding 
RTS after ACLR with the aim to reduce inci-
dence of second ACL injuries.
Take Home Message
Despite the large number of clinical tests and 
 accelerated rehabilitation, the improvement of 
diagnostic tools, and surgical technique, long- 
term results in professional football players are not 
excellent. A better pre- and postsurgical evaluation 
of knee laxity with new objective and restricted cri-
teria, associated with the use in clinical practice of 
new devices for laxity assessment, have the poten-
tial to improve patient evaluation and to provide 
athletes with a safer instruction to return to sport.
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17.1  Introduction
Returning to sports participation after an anterior 
cruciate ligament (ACL) injury has been contro-
versial in both scientific evidence and clinical 
practice. In this sense, the debate between time- 
based and criteria-based return to play (RTP) has 
been extensively scrutinized by the  scientific 
community.
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The RTP should be a shared decision, 
including the healthcare professionals, the 
player, and the possibly other stakeholders 
involved (the coach, the manager, and, in some 
cases, the player’s relatives). Still, the health-
care professional is responsible for providing 
objective advice on management options and 
possible clinical and functional outcomes, as 
well as the potential risks, such as reinjury and 
long-term health and performance deterioration 
[6, 19, 25, 52].
Within an average of 12 months, around 80% 
of elite athletes will return to their preinjury 
sports level, compared to 60% return to sports 
among nonelite athletes [45]. When focusing on 
football, 85% of football players return to their 
preinjury sports level, between 6 and 10 months 
[21, 37, 45, 89, 93]. Still, approximately one 
fourth of elite athletes may not return to sports at 
the same level [45], and reasons include mainly 
fear of reinjury [8, 44, 55] and lack of psycho-
logical readiness [7, 9].
Although having relatively high rate of RTP, 
the ACL graft may fail and re-rupture in around 
5% of elite athletes [45]. Moreover, ACL reinjury 
rates may go as far as 15% (7% ipsilateral and 
8% contralateral) or 23% for athletes younger 
than 25 years who return to sport [90]. In addition 
to an adequate rehabilitation process [87], objec-
tive criteria in the decision for allowing the return 
to high-level sports play a crucial role in decreas-
ing the risk of ACL reinjuries [34, 85].
17.2  Residual Knee Deficits After 
ACL Reconstruction
Reestablishing the knee biological homeostasis 
(bone bruises, mechanoreceptors and sensory 
afferents, and graft maturation) and normal bio-
mechanical function (mechanical stability, range 
of motion, neuromuscular control, quadriceps 
strength) plays a crucial role in RTP, as they may 
reduce the incidence of secondary ACL injuries 
[62]. These biomechanical deficits may persist 
for years after ACL reconstruction, or even after 
the player returned to competition [1, 17, 18, 31, 
61, 63, 64, 71, 79, 81, 82, 92].
Residual knee laxity may be present 
6–12 months after ACL reconstruction [61, 64, 
69, 76]. Within this line, it has been previously 
shown that ACL-reconstructed knees display 
greater maximal anterior tibial translation during 
gait exercises, even after a 5-year follow-up 
period [79]. Furthermore, the peak ACL strain is 
correlated with anterior tibial translation and 
bipedal simulated landing, i.e., greater knee lax-
ity produces higher levels of peak ACL strain 
during landing exercises. Therefore, higher peak 
ACL strain could place the individual at higher 
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risk of sustaining an ACL injury [34, 48]. 
Additionally, increased dynamic tibial rotation 
that often persists after ACL-reconstruction and 
leads to abnormal knee motion during gait [29, 
30] or running exercises [82]. These findings 
raise some concerns regarding RTP, particularly 
within those who RTP prematurely, adding fur-
ther risk factors for reinjury. In addition, the 
increased rotatory knee laxity may, itself, 
decrease the player’s self-efficacy and perfor-
mance, as well as increase the risk of reinjury. 
Moreover, rotatory knee laxity deficits may con-
tribute to associated meniscal or cartilage lesions 
and early development of long-term knee joint 
degeneration [20, 82, 88] and subsequently to a 
poorer associated quality of life [25, 26]. Thus, 
more strict criteria regarding rotatory knee laxity 
after ACL reconstruction should be employed in 
RTP battery tests.
17.3  Importance of Imaging 
and Laxity Measurement
Knee joint residual laxity is considered one of the 
major risk factors for further ACL and meniscus 
injury, as well as one of the reasons for ACL 
reconstruction failure [38, 40, 70, 73, 75, 83, 91].
Measurement of sagittal knee laxity has been 
extensively performed in the follow-up of ACL- 
reconstructed patients [2, 32, 39, 74, 86]. 
However, the reliability and diagnostic accuracy 
of KT-1000™ instrumented AP laxity testing has 
been questioned [27, 33]. In this regard, stress 
radiography, mainly through the Telos device 
[10, 72, 77], emerged as a potential noninvasive 
method to measure the tibial anterior translation.
More recently, the objective measure of rota-
tional knee laxity has gained increasing interest 
from the scientific community. This has been 
traditionally accomplished through pivot-shift 
manual test. Reports concerning the lack of 
 standardization and objective grading [3, 13, 28, 
58, 59, 78] led to the development of new mechan-
ical testing devices to assess the knee rotational 
laxity including arthrometers [12, 48–51, 57, 60, 
65, 84], electromagnetic sensor systems [4, 35, 36, 
42, 43, 54], inertial sensors [11, 41, 46, 47, 53], 
and stress laxity assessment within magnetic reso-
nance imaging (MRI) evaluation [22, 23, 67, 68].
The MRI is an accurate noninvasive tool 
widely used in the evaluation of intra-articular 
knee injuries [56]. The use of MRI in the postop-
erative follow-up enables the clinician to assess 
knee effusion, graft preservation, tunnel preser-
vation, cartilage damage, and meniscal injuries 
[73]. The visualization of non-healed bone 
bruises may also be followed by MRI and has a 
crucial role during the rehabilitation phases and 
RTP decision [15]. Moreover, graft biological 
integrity (“ligamentization”) is an important pro-
cess in the RTP decision, which MRI plays a fun-
damental role in the evaluation [14, 24].
The examination of partial ACL tears with 
MRI is important as physical examination may 
be unclear when assessing isolated bundle rup-
tures [94], and partial tears can heal on their own, 
which can be carefully followed using MRI [5].
Despite the MRI accuracy in evaluating and 
following ACL injuries, it has been highlighted 
that both instrumented laxity and MRI examina-
tion are needed in combination with clinical eval-
uation in order to obtain the greatest accuracy 
[16]. Thus, the ideal tool to measure the ACL lax-
ity should be able to assess both “anatomy” and 
“function” on the same examination [23].
17.4  Porto-Knee Testing Device
The Porto-Knee Testing Device (PKTD) is an MRI-
compatible knee laxity testing device that is capable 
of measuring multiplanar knee laxity, i.e., the sagit-
tal tibiofemoral translations and tibial internal and 
external rotation (Fig. 17.1). The assessment of 
knee laxity in combination with MRI allows the 
correlation of both the ligament “anatomy” and 
“functionality” within the same exam [66].
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The PKTD is made of polyurethane  composite 
material, which allows to be used within the MRI 
and computerized tomography examination. The 
PKTD is capable to stress the knee at different 
degrees of knee flexion (from−10° to 50°) and 
combined with different degrees of internal/
external rotation (0–90°). The tibial posteroante-
rior (PA) translation may be assessed alone or in 
combination with tibial rotation. In order to stress 
the ACL, a standardized pressure of 4 bar is 
applied to the proximal posterior calf (Fig. 17.2).
The PKTD measurements are determined 
through two sets of 1 mm spacing MRI slices. The 
first examination is made without any pressure, 
and a second examination is made with the appli-
cation of pressure. On the obtained images, mea-
surements (in mm) are then calculated by drawing 
a perpendicular line to the tibial slope, crossing 
the most posterior point of the tibial plateau, and 
a parallel line, crossing the most posterior point of 
the femoral condyle. This procedure is repeated 
for the medial and lateral tibial plateaus [80].
The laxity measurement is made by calculating 
the distance between the two lines, in each of the two 
sets of MRI slices, i.e., without and with pressure, 
obtaining the anterior displacement of the medial 
and lateral tibial plateau (Fig. 17.3). Comparison 
with the healthy contralateral knee can be made.
The PKTD is a reliable tool for assessment of 
the PA translation with a moderate-to-strong cor-
relation with side-to-side KT-1000 measures for 
medial (correlation coefficient = 0.73; p < 0.05) 
and lateral (correlation coefficient = 0.5; 
p < 0.05) tibial plateaus displacement. The 
assessment of the rotatory knee laxity has a 
strong positive correlation with the pivot-shift 
test under anesthesia (correlation coeffi-
cient = 0.8; p < 0.05) and with side-to- side differ-
ences (correlation coefficient = 0.83; p < 0.05) 
[23]. More recently, two additional PKTD mea-
Fig. 17.1 Porto-Knee 
Testing Device (PKTD), 
developed at the Clínica 
do Dragão, Espregueira- 
Mendes Sports 
Centre - FIFA Medical 
Centre of Excellence
a b c
Fig. 17.2 Demonstration of PKTD sequences: without 
pressure (a), with PA pressure (b), and with external rota-
tion pressure (c). Arrow indicates the tibial PA translation 
induced by the pressure applied in the posterior proximal 
calf region through the plunger pressurizing (part b)
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sures were investigated—the anterior global 
translation and the global rotation. These mea-
surements showed high sensitivity and specific-
ity in identifying complete ACL ruptures. The 
anterior global translation (PA translation of both 
medial and lateral tibial plateaus) has high speci-
ficity (94%), with a cutoff point of 11.1 mm. The 
global rotation (internal rotation at the lateral 
tibial plateau plus external rotation at the medial 
tibial plateau) is highly sensitive (93%) with a 
cutoff point of 15.1 mm [56].
The main purpose of the PKTD is distin-
guishing functional from nonfunctional ACLs 
or ACL grafts. Partial ACL ruptures may also 
be identified. By combining the sagittal and 
rotational laxity measurements, the PKTD is 
able to correlate the ligament anatomy with the 
functional competence of the remnant bundle 
a b
c d
Fig. 17.3 Representation 
of the measurements  
of medial knee 
compartment tibial 
positioning without  
(a) and with pressure  
(b) and of the lateral 
knee compartment tibial 
positioning without  
(c) and with pressure 
(d), obtained from MRI 
slices using the PKTD
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[55]. This may play an important role in the 
follow-up of ACL- reconstructed patients as par-
tial ACL graft  ruptures or reconstruction failure 
may occur in case of surgical errors and compli-
cations, inadequate rehabilitation or anticipated 
RTP.
The PKTD may be used in the RTP decision 
by examining the functional competence of the 
ACL graft (Figs. 17.4 and 17.5). Residual knee 
laxity may indicate the need for further rehabili-
tation or, in case of failure, evaluate the need for 
new surgical intervention before allowing the 
player to return to competition.
a b c
c d e
Fig. 17.4 Follow-up of PKTD-MRI; a case of an ACL- 
reconstructed knee with significant residual laxity in his 
right knee precluding return to sports. (a) Medial tibial 
plateau, no stress (−1 mm); (b) medial tibial plateau, pos-
teroanterior stress (3 mm); (c) medial tibial plateau, exter-
nal rotation stress (5 mm); (d) lateral tibial plateau, no 
stress (0 mm); (e) lateral tibial plateau, posteroanterior 
stress (13 mm); (f) lateral tibial plateau, internal rotation 
stress (4 mm)
Fact Box 2
Suggested additional return-to-play 
objective criteria based on PKTD-MRI 
measurements:
• Anterior global translation after PA 
stress <11.0 mm
• Global rotation combined measure 
<15.0 mm
Fact Box 1
The PKTD has several clinical and preven-
tive applications within sports, including:
• Assessment of partial or total ACL 
ruptures
• Follow-up of ACL-reconstructed knees
• Additional objective criteria for RTP
• Planning of secondary prevention 
programs




Instrumented assessment of knee laxity in combi-
nation with MRI enables the correlation of the 
ligament’s “anatomy” and “function.” In our 
hands, the PKTD is a helpful tool in the follow-
 up of football players with ACL-reconstructed 
knees, RTP decision-making, and planning of 
secondary prevention programs.
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18.1  Background
With a cumulative incidence rate of 2.5 injuries 
per player and season, German men’s profes-
sional football in the two highest leagues demon-
strates a high risk of injury. In fact, 70.7% of all 
injuries were lower extremity injuries, with thigh 
injuries (21.3%) and knee injuries (15.8%) being 
the most frequent. However, knee injuries alone 
caused 37.0% of overall short-term disability. 
The share of knee injuries in German football 
ranges between 15% and 19% accompanied with 
a high economic burden of approximately 50% of 
direct medical costs including remuneration pay-
ments (Fig. 18.1).
As the majority of knee injuries in the two 
highest German football leagues (58.3%) were 
observed during noncontact or indirect contact 
situations, and, additionally, 90.3% of knee inju-
ries were completely independent of opponent’s 
foul play, a high preventive potential may be 
assumed [93]. Special attention should be given 
to injuries of the anterior cruciate ligament 
(ACL), which, although represent 1.7% of all 
injuries, equate to almost one-third of all direct 
medical costs including remuneration payments 
(Fig. 18.2).
In addition to the high medical costs, there is a 
high second injury rate after sustaining an ACL 
tear. Returned players are at higher risk sustain-
ing a reinjury or an ACL injury on the contralat-
eral leg. Recent studies demonstrate that the 
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percentage sustaining a contralateral injury is 
even higher [98, 56]. A study in 2014 highlighted 
that younger athletes to the age of 25 who 
returned to a pivoting or cutting sport after ACL 
reconstruction were 15 times more likely to sus-
tain an ACL injury in the first 12 months than a 
previously uninjured athlete [72]. A further study 
in 2017 confirmed that the risk of recurrence is 
greatest during the first 2 years, particularly in 
the first 12 months post-op [63]. It was also found 
that, with respect to the first 9 months post-op, a 
later return would reduce the risk of reinjury [41].
Moreover, reinjuries are associated with lon-
ger layoff times and a poorer medical outcome 
[30, 31, 49]. When a severe injury with long 
downtimes like the ACL tear occurs, the question 
arises when the athlete can resume his sport. This 
is not only essential for the athlete himself; it is 
also asked by the sporting environment, i.e., 
trainers, consultants, and club administrators. For 
team physicians and therapists, to answer this 
question is often the most difficult decision to 
make, living in a framework of conflict between 
the actors involved [14].
In public perception, desire and reality are 
widely diverging. For example, in the case of 
ACL injuries, a 6-month downtime is often pos-
tulated. But even at the highest international 
level, players return to the pitch on average 
7.5 months after their ACL injury, as data from 
49.4
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the UEFA Champions League shows [94]. 
Looking at the quality of this return, it is notice-
able that only about 65% of the players still play 
on their previous level of performance 3 years 
after their ACL tear [94]. Across all sports, this 
share appears to be even lower. Only about 
44–55% of athletes sustaining an ACL injury 
return to competition [1, 5, 6].
Although a large number of scientific publi-
cations deal with the rehabilitative treatment of 
injured athletes, the evidence for predictive 
parameters or suitable objective test methods is 
insufficient [8, 28, 91]. Systematic reviews 
showed that about 40–65% described no criteria 
for a return-to-play decision. Objective criteria 
were found in only about 13% of studies [10, 
43]. A survey of 221 instructors of the German- 
speaking society of arthroscopy (AGA) rein-
forces the impression. Only three of the surgeons 
used a test battery as a basis for decision making. 
Approximately 85% of the respondents did not 
include a clinical score (e.g., Tegner activity 
score, Lysholm score, IKDC 2000 score) in their 
decision. This is somewhat contradictory toward 
the fact that a time-oriented consideration alone 
is not sufficient to ensure a certain decision 
about a safe return to play, especially as there is 
still disagreement as to the optimal time [74]. 
Investigations demonstrate that 6.5 ± 1 months 
after reconstruction of the ACL, only two out of 
28 patients could meet all utilized test criteria. 
The applied test battery consisted of isokinetic 
force tests, four different jump tests, and two 
questionnaires [38]. Another investigation con-
firms this poor rate of return-to-play recommen-
dations, which was received only by 17.4% of 
the 86 subjects, 6 months post-op [77]. A sepa-
rate study found a return-to-play recommenda-
tion of 24% (n = 74) [41]. However, the tests 
took place in a period of 6–12 months post-op 
[38, 41, 77]. The low rates of recommendation 
confirm the necessity of objective return-to-play 
criteria, knowing that a hundred percent preven-
tion of a new injury is not possible, since causes 
of injury are multifactorial and not all risk fac-
tors, intrinsic and extrinsic, can be influenced. 
Moreover, the prevalence of one or more risk 
factors alone does not lead to injury per se. It 
also requires a triggering event. However, the 
more risk factors that are present, or the more 
serious their manifestations, the lower the toler-
ance against occurring events. Thus, particular 
attention should be given to the review of risk 
factors prior to a return-to-play decision. In sum-
mary, there is a need to establish a consensus 
between the professions involved in the rehabili-
tation process in German football.
To implement measures, like a return-to-play 
test battery, it is crucial to involve important 
recipients at an early stage to increase the com-
pliance of the target group [33, 46, 90]. Therefore, 
the VBG focuses on the transfer of existing, sci-
entifically evaluated or expertly judged 
approaches into the existing sports setting of the 
target group.
18.2  Consensus Process
With the aim to develop a standardized test bat-
tery, the VBG, the statutory accident insurance 
for German professional sports, initialized a con-
sensus conference in collaboration with the 
Centre for Sport and Health Research (ZfG) of 
the German Sport University Cologne (DSHS) in 
2014. Therefore, the VBG invited relevant 
German research groups and a panel consisting 
of accredited experts from German elite team 
sports such as sports physicians, sports 
 physiotherapist, rehab and athletic coaches, and 
sports psychologists. Thirty-five attendees fol-
lowed the invitation to the conference. Five more 
experts were unable to participate and were con-
sulted afterward. After an initial discussion of 
different return-to-play concepts within the entire 
expert panel, participants then selected to join 
smaller working groups.
The primary task of these groups was to estab-
lish a common understanding on definitions and 
milestones in the rehabilitation process, which, 
despite existing scientific approaches, was still 
lacking [2, 3, 89]. Within a moderated discus-
sion, conceptual overlaps and commonalities 
were identified so that a first consensus on reha-
bilitation milestones and their definitions was 
achieved (Fig. 18.3 and Chap. 3).
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Recent studies have shown that comprehen-
sive test batteries are superior to a single testing, 
particularly when determining the milestone of 
return to play [87, 91]. Therefore, as a next step, 
superordinate test categories and appropriate 
tests were debated, with focus on the return-to- 
play milestone.
Seven test categories (i.e., clinical and psy-
chological examination, postural control tests, 
hop tests, speed tests, agility tests, exhaustion 
test, fatigued hop tests) were determined 
(Fig. 18.5). Finally, based on the results of the 
consensus conference, a test manual was pub-
lished, describing setup, execution, and interpre-
tation of the modular test battery (Chap. 4).
18.3  Description of Phases  
and Milestones of the 
Rehabilitation Process After 
ACL Injury
The expert panel agreed on five distinctive mile-
stones, i.e. (Fig. 18.4) that the injured athletes 
will pass during an ideal rehabilitation process.
Milestones are passages from one rehabilita-
tion phase to the next. They are typically con-
nected to significant gains in performance and 
progress in specific skills and are marked by 
assessments with objectively verifiable parame-
ters. The hereby obtained findings allow the 
involved professions to monitor, control, and 
adjust the rehabilitation process and to ensure a 
safe progress to the next rehabilitation phase. The 
milestones, the expert panel agreed on, are 
described in the following section.
Fact Box 1 Importance of the return-to-play 
milestone
The return-to-play milestone has a particu-
lar importance for the VBG, the injured 
athlete, and his club as it marks the ath-
lete’s end of short-term disability and here-
with associated remuneration payments. 
Aside from the costs for medical treatment, 
the VBG, the statutory accident insurance 
for German professional sports, also bears 
the athlete’s remuneration payments as 
from the 43rd day of short-term disability.
Uninjured
athlete























Fig. 18.3 Phases and milestones of the rehabilitation 
process after ACL injury. PRE = pre-injury screening, 
ACL = anterior cruciate ligament, RTA = return to activ-
ity, RTS = return to sport, RTP = return to play, 
RTC = return to competition
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18.3.1  Pre-injury Screening (PRE)
The rehabilitation after an injury always repre-
sents an individual process and depends on, i.e., 
the type and severity of injury, the profile of the 
sport of the injured athlete, and his personal 
goals. A pre-injury screening is a prospective 
data collection that provides the rehabilitation 
staff with important reference values for the 
injured athlete that can be used in the event of an 
injury. Moreover, individual baseline values from 
pre-injury screenings are superior to the fre-
quently used limb symmetry index (LSI) or data 
from reference populations. Particularly in foot-
ball where lower limb asymmetries due to leg 
dominances must be taken into consideration 
when interpreting test results, solely usage of the 
LSI seems to be questionable.
It was found that over 95% of the professional 
football players experienced at least one health 
problem that had to be treated or monitored. One- 
third of the athletes showed strength deficits, pre-
dominantly in the area of the hip and thigh 
muscles [9]. The strength of the hip abductors is 
again a predictor of injuries to the anterior cruci-
ate ligament and should therefore be part of a 
screening in sport [53]. Besides its value in the 
rehabilitation process, a pre-injury screening 
offers the opportunity to identify individual per-
formance deficits. This may be helpful to regu-
late the training process and to derive targeted 
individual primary prevention measures before 
an injury occurs.
18.3.2  Return to Activity (RTA)
Return to activity is the transition from clinical 
care (phase I) to general rehabilitation training 
(phase II) and describes the first post-traumatic 
milestone the injured athlete is able to achieve. 
After ACL surgery, the athlete passes a clinical 
examination by a physician who decides 
whether the athlete is able to start the general 
rehabilitation training, which then mainly 
focuses on regaining range of motion, stability, 
and movement control during basic movement 
patterns.
18.3.3  Return to Sport (RTS)
Return to sport marks the starting point of the 
crucial rehabilitation phase (phase III) from the 
inclusion of the sport-specific rehabilitation 
training (phase IIIA) to the individualized team 
training (phase IIIB). At the return-to-sport mile-
stone, the athlete should already meet basic clini-
cal and functional requirements as a result from 
the previous rehabilitation phase. For example, a 
test setting should include subjective (e.g., IKDC 
2000, KOS-SAS, Lysholm score) and objective 
(e.g., negative pivot shift) knee stability tests, iso-
kinetic testing, and assessments of leg axis con-
trol in the frontal plane during jumps [52, 61, 92].
After passing the RTS milestone, the rehabili-
tation program becomes increasingly sport spe-







Baseline testing for individual reference data
Return-to-Activity: Progression to unspecific rehabilitation
Return-to-Sport: Progression to Sport-specific rehabilitation
Return-to-Play: Progression to unrestricted team training
Return-to-Competition: First participation in competitive match
Fig. 18.4 Milestones of 
the rehabilitation 
process
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performance, growing parts of the rehabilitation 
content take place on the football field.
This phase should be developed progressively 
and is normally instructed through athletic 
coaches, rehabilitation coaches, as well as phys-
iotherapists. It is important to consider whether 
the sports-specific exercises can be performed by 
the athlete in a coordinated manner and if they 
can be tolerated by the injured structure without 
clinical symptoms such as swelling or pain occur-
ring. Frequently, this phase is also described as a 
return to restricted team training, since body con-
tact is still deliberately omitted and the athlete 
participates in team training only partially or 
modified (i.e., by special identification of the ath-
lete) [15, 23, 52, 92].
18.3.4  Return to Play (RTP)
Return to play refers to the successful transition 
from individualized and restricted team training 
to unrestricted participation in team and competi-
tion training. The VBG defined this milestone as 
the end of short-term disability for work (Fact 
Box 1). Thus, an interdisciplinary (i.e., sports 
physician, physiotherapists, athletic coaches, 
rehabilitation coaches, sports psychologists) 
decision making by means of a comprehensive 
test battery is essential to promote to unrestricted 
participation in competitive training. In the light 
of the collected findings, the return-to-play deci-
sion has to be ultimately made by the responsible 
team physician [22, 57, 92].
18.3.5  Return to Competition (RTC)
On the one hand, the return-to-competition mile-
stone describes the first participation in a com-
petitive match, which is finally the athlete’s main 
goal. On the other hand, return to competition 
also indicates the entire reintegration process 
from the time of the injury to the first match play. 
The time span from the positive return-to-play 
decision and the athlete’s first selection for a 
competitive match is the only decision that may 
primarily lie in the head coach’s responsibility. 
But it is recommended that he comes to an agree-
ment with his medical and therapeutic staff as 
well as the athlete himself to make a responsible 
decision [92].
18.3.6  Biological Healing Process
It is important to say that the biological healing 
process of an ACL reconstruction is by no means 
accelerated through the implementation of any 
kind of test battery. It should be recognized that 
several months after the ACL reconstruction, 
there are still ongoing rebuilding mechanism as 
part of the ligamentization process [17]. 
Moreover, deficits in the areas of proprioception, 
muscular strength, and neuromuscular control 
(i.e., activation patterns) are common. It was 
noticed that athletes after ACL reconstruction do 
not regain or not significantly differ from base-
line values until approximately 2 years post-op. 
Against this background, a prolonged rehabilita-
tion and a delayed return to play of athletes under 
the age of 20 are currently under discussion [63]. 
However, the practical implementation seems 
questionable, especially in professional sports.
18.4  Test Manual
In the course of the consensus process, the expert 
panel had agreed upon seven superordinate test 
categories that are considered an integral part of 
a modular return-to-play test battery (Fig. 18.5). 
Fact Box 2 Rehabilitation process
The rehabilitation process should be pro-
gressively structured. Criteria-based mile-
stones help to examine interim rehabilitation 
goals. Despite the ultimate responsibility 
of team physicians (return-to-play deci-
sion) and coaches (return-to-competition 
decision), an interdisciplinary decision 
making is essential.
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Each category offers a choice of different tests 
reaching from gold standard to minimum require-
ments. This modular approach was chosen to 
reflect the heterogeneous infrastructures and 
capacities that are given in real-world sports 
rehabilitation settings, thereby facilitating the 
implementation and increasing adherence. 
Moreover, it allows a smart adjustment to differ-
ent kinds of sports, if necessary.
18.4.1  Clinical and Psychological 
Examination
A comprehensive clinical examination is essen-
tial part of the return-to-play test battery. This 
examination must be conducted before the physi-
cal tests are started and should include palpation 
of the injured knee, knee flexion tests, the 
Lachman test, and isokinetic strength tests.
An isokinetic examination is elementary in 
ACL patients due to the frequently occurring quad-
riceps and hamstring strength deficits. For exam-
ple, quadriceps activation failure is common in 
athletes after ACL reconstruction [44]. Moreover, 
asymmetries of the quadriceps muscles seem to be 
a predictor of knee injuries. It was noticed that per 
percentage point of improved strength, the risk of 
reinjury could be reduced by 3% [41].
Because of the high importance of recogniz-
ing strength asymmetries, the limb symmetry 
index (LSI) is commonly used to assess leg 
asymmetries. It is recommended to achieve a LSI 
of 90% for non-pivoting and noncontact sports. 
For pivoting, contact, and competitive sports, a 
LSI of 100% seems to be suitable [87]. 
Nevertheless, using the LSI instead of reference 
values from the pre-injury screening could be 
insufficient because of sport-specific adaptations 
prior sustaining an injury, e.g., strength asymme-
tries between the kicking and standing leg in 
football. Furthermore, clinical scores (i.e., 
 KOS- SAS, IKDC2000) should complete the clin-
ical examination.
In addition to the clinical examination, rec-
ommendations for accompanying psychological 
assessments were included in the test manual. 
In particular, motivational aspects and locus of 
control as well as a lack of confidence in their 
injured knee and the fear of injury seem to play a 
major role in whether athletes resume their sport 
or not [4, 20, 82, 92]. The ACL Return to Sport 
After Injury (ACL-RSI) scale, which has been 
developed especially for the question of a safe 
return after ACL injuries, is recommended as a 
part of the test manual [58]. Allowing a multi-
lingual use for international players, it has been 
translated into various languages [16, 42, 55, 
81]. The ACL- RSI should be used preoperatively 
or before the conservative treatment as well as 
in the rehabilitation process at regular intervals. 
In the literature, two cutoff scores, 51.3% [58] 
and 56% [4], were described. Athletes with con-
spicuous results should consult a psychological 
care in order to ensure a successful rehabilitation 
and return to play. Furthermore, other suitable 
instruments could be used, e.g., the Tampa Scale 
of Kinesiophobia or the Injury-Psychological 
Readiness to Return to Sports Scale [36, 45, 88].
Postural Control Tests







Fig. 18.5 Categories of the modular return-to-play test 
battery
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18.4.2  Postural Control Tests
Neuromuscular and postural deficits following 
ACL reconstruction are common and should be 
assessed even in professional sports, where ath-
letes have access to intensive rehabilitation [47]. 
Following an ACL injury, the accompanying 
reduced proprioception postural control deterio-
rates by approximately 25% [19, 79]. However, a 
decreased postural control is associated with an 
increased risk of injury and is considered as a 
predictor of recurrent ACL injuries [48, 73]. The 
modified Star Excursion Balance Test (SEBT) 
and Y Balance Test provide a minimal require-
ment to assess postural control [27, 40, 75]. 
Deficits in these tests are associated with an 
increased risk of injury to the lower extremity. 
Athletes with an anterior reach distance differ-
ence >4 cm and a composite reach distance <94% 
of their limb length were more likely to sustain a 
lower extremity injury [21, 27, 39, 40, 48, 75]. In 
particular, deficits in the anterior reach distance 
seem to have a negative effect on dynamic 
requirements. Athletes after ACL reconstruction 
who demonstrated anterior reach deficits did not 
tend to achieve recommended LSI values for hop 
tasks and isometric knee extension strength [35]. 
As a gold standard, computer-based posturogra-
phy was determined by the expert panel.
18.4.3  Hop Tests
In the context of return-to-play decisions, uni- 
and bilateral hop tests are commonly used. In 
addition to their practicality, they have a strong 
proximity to the injury mechanism. In particular, 
unilateral landings are one of the main ACL 
injury mechanisms in football and other sports. 
Landing after heading and regaining balance 
after kicking are essential elements in football, 
which are carried out during training and compe-
tition in high repetition numbers. The landing 
occurs mainly on one leg only [95]. Therefore, 
asymmetries as well as performance deficiencies 
in unilateral hop tests must be taken seriously 
into account regarding a football-specific return- 
to- play decision. Moreover, ACL reconstructed 
athletes have altered biomechanics within their 
landing behavior, resulting in significant differ-
ences in the occurring hip and knee joint angles 
between injured and noninjured athletes [50, 65, 
66, 67]. In this context, altered neuromuscular 
controls of the hip and knee during a dynamic 
landing task are essential predictors of a second 
ACL injury [73]. The biomechanics of unilateral 
hop landing tasks differ compared to double-leg 
landings, which are typically used [24, 60, 86]. 
Due to sports-related asymmetries and frequent 
contralateral deficits, both sides should always be 
tested [26, 71, 77]. To increase sensitivity, a com-
bination of jump tests in several directions is gen-
erally recommended [51]. Within the test manual, 
five hop tests were described and recommended 
as a minimal requirement to assess demands in 
multiple directions and with different stretch- 
shortening cycles. The bilateral drop jump 
 procedure was adopted from Padua, where the 
player must to jump from a box (30 cm height) 
with his hands on the hips to avoid additional 
impulses through an arm movement [70]. The 
unilateral drop jump should be performed from a 
lower height (20 cm) with a marked target at 
30 cm in front of the box [59, 84]. Furthermore, 
the countermovement jump, the single-leg hop 
for distance, and the side-hop test are part of the 
test procedure. The athletes were permitted to 
make one practice trial. Afterward, each test was 
regularly completed twice, with the exception of 
the side-hop test, where only one regular trial per 
leg is allowed. In this test, the athlete is required 
to hop transversely more than 30 cm for ten rep-
etitions as quickly as possible [51]. Quantitative 
measurements like the jump height, the contact 
time, and the reactivity index should be integral 
part of the hop test assessment [12, 32, 70]. 
Additionally, to examine the neuromuscular con-
trol and biomechanical risk factors, i.e., valgus 
malpositioning, an assessment of the movement 
quality should be realized. Risk-affected move-
ment patterns and compensatory mechanisms in 
landing tasks, which are regarded as predictors of 
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an ACL injury, can thus be detected [50, 73, 96]. 
The test manual recommends the 3D motion 
analysis and electromyography (EMG) as the 
gold standard. To fulfill the minimal require-
ments, the real-time observational screening for 
analyzing the frontal plane for uni- and bilateral 
drop jumps could be used, wherein athletes at 
least should show good knee control [64, 85]. 
Rating the movement quality from the frontal and 
sagittal point of view, the Landing Error Scoring 
System (LESS) including 17 items, is recom-
mend with an overall assessment of good knee 
control. The test manual also offers a modified 
real-time version of the LESS as a quicker alter-
native consisting of ten items, wherein the athlete 
should show a good knee control as well [69].
18.4.4  Speed Tests
A good level of the motoric core competency 
speed is directly associated with a successful 
management of various competitive match situa-
tions and is therefore considered as an important 
component of sport-specific performance [13]. 
Speed tests also allow the identification of defi-
cits in neuromuscular control. With the aid of the 
tapping test, possible frequency drops, which are 
associated with a faster fatigue of the neuromus-
cular system, and differences between the oper-
ated and nonoperated leg can be detected [11]. 
On a starting sign, the athlete tries to perform 
alternating steps on the spot with a maximum fre-
quency. The motion amplitude should be kept as 
low as possible. The test is carried out once, 
whereby the athlete tries to achieve as many con-
tacts as possible with his forefoot on the contact 
surface in 15 s. Based on the requirement profile 
of football with frequently recurring sprints, the 
repeated sprint ability test is also recommended 
within the test manual [15, 83, 97].
18.4.5  Agility Tests
Agility tests reflect demands of the football- 
specific requirement profile and confront the ath-
lete with a test situation that is close to the injury 
mechanism. This includes match-related move-
ments like accelerations, decelerations, fast 
changes of directions, cuttings, and unanticipated 
movement tasks, typically resulting from chang-
ing match situations or the behavior of team-
mates and opponents. It is therefore no 
coincidence that about 77% of the ACL injuries 
during competition occur in defensive actions, in 
which the defensive player must react to unfore-
seen actions of his opponent, especially in press-
ing situations [95]. Significant differences in the 
kinematics and kinetics of plant and cut maneu-
vers compared to hop tests make the additional 
examination of these risk factors indispensable 
[54]. As a minimal requirement, the change of 
direction speed should be assed, using tests like 
the modified agility T-test [61, 62, 80], the Illinois 
agility test, or the Barrow zigzag run [68, 76, 78]. 
Certainly, assessing agility permits an athlete to 
react to a stimulus which includes perceptual and 
decision making factors [99]. That is why usage 
of the mentioned tests could only assess change 
of direction speed, while cognitive and reactive 
components are missing. To achieve the gold 
standard, randomized multidirectional movement 
tasks should be assessed with the SpeedCourt or 
comparable systems [11, 18, 29].
18.4.6  Exhaustion Test
Training of endurance is an indispensable part in 
football. In addition to the development of basic 
endurance and sports-specific endurance, the 
organism’s ability to regenerate and the metabo-
lism of the operated limb are stimulated. Within 
the assessment tool, the exhaustion test is primar-
ily a standardized fatigue provocation. This is 
due to the fact that a severe decrease in hop per-
formance, postural control, and quality of move-
ment as a result of ACL rupture can be observed 
under fatigued conditions [7, 34]. If the exhaus-
tion test is carried out on the treadmill, it can also 
be combined with a gait and running analysis, 
since ACL patients often show altered gait pat-
terns years after their injury [37].
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18.4.7  Fatigued Hop Tests
Hop tests should be performed both under non- 
fatigued and fatigued test condition, because 
patients often displayed abnormal hop symmetry 
for the fatigued test condition [7]. All five recom-
mended hop tests of the test manual (Chap. 4, Sect. 
3) should be performed after the prescribed pre-
exhaustion (Chap. 4, Sect. 7). If any abnormalities 
have already occurred in the non-fatigued test con-
dition, patients should not carry out the correspond-
ing hop tests under fatigued conditions in order to 
reduce injury risk within the test situation.
18.5  Knowledge Transfer
The sole publication of a test manual is not suf-
ficient to successfully implement a new test bat-
tery into real-world sports medical settings. The 
involvement of different professions in the 
return-to-play process calls for a multilateral 
implementation strategy to enable a widespread 
distribution within the target group.
Firstly, the VBG focuses on direct users of the 
test battery, such as team physicians, physiothera-
pists, athletic and rehabilitation coaches, as well as 
the injured players themselves. The rehabilitation 
manager of the VBG, who supervises the rehabili-
tation process, will inform the injured player about 
the return-to-play test and suitable test centers. 
This procedure is also coordinated with the attend-
ing physician. In order to raise awareness among 
young athletes, the VBG supports an app-based 
platform, which provides players from German 
football youth academies with information on con-
ditioning, sports medicine, nutrition, and mental 
strength on their mobile phones. Using the hashtag 
“#ComebackStronger,” specific information on 
the topic of return to play (i.e., added value of the 
return-to-play test battery) is promoted. To moti-
vate injured players, stories about successful 
comebacks are illustrated and shared. Since 2015, 
the VBG has been conducting education modules 
for team physicians in the framework of the “team 
physician procedures,” a model project that certi-
fies team physicians in order to establish preven-
tive sports medicine care in team sports [25]. 
Beside the systematic implementation of preven-
tive standards, return-to-play guidelines should be 
established within the clubs. Up to now, about 200 
team physicians were certified. Furthermore, the 
VBG, in cooperation with the German Football 
Association (DFB) and regional German football 
associations, offers free symposia on sports injury 
prevention. Main target groups are coaches, phys-
iotherapist, and chairmen of elite and semi-elite 
football clubs. These symposia consist of keynote 
speeches, lectures, as well as practical workshops. 
The successful return-to-competition process after 
an ACL injury was always one of the main themes. 
At nine events so far, about 1500 participants were 
informed and trained. Through education modules 
in basic and advanced coach education courses of 
the German Football Association (DFB) and the 
Association of German Football Coaches (BDFL), 
the VBG directly reaches football coaches in theo-
retical and practical teaching units. In cooperation 
with the Coaches Academy Cologne, the VBG 
specifically addresses athletic coaches and sports 
physiotherapists. In summary, over 2500 coaches, 
athletic coaches and physiotherapists have been 
reached since 2014.
Fact Box 3 Modular return-to-play test 
battery
A modular test battery reflects the hetero-
geneous infrastructures and capacities that 
are given in real-world sports rehabilitation 
settings, thereby facilitating the implemen-
tation and increasing adherence.
A test algorithm with seven successive 
test categories (i.e., clinical and psycho-
logical examination, postural control tests, 
hop tests, speed tests, agility tests, exhaus-
tion, and fatigued hop tests) is recom-
mended to identify possible risk factors for 
recurrent injuries and to monitor the reha-
bilitation progress before returning to unre-
stricted team training.
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18.6  Pilot Implementation
In addition to education modules, the VBG is 
currently implementing the modular test battery 
into real-world sport rehabilitation settings. 
Within a multicenter approach, the following key 
primary objectives should be reached:
• Evaluation of practicability and sensitivity of 
the return-to-play test battery
• Elicitation of reference values for the individ-
ual test variables as well as the final return-to- 
play decision
• Identification of risk factors and symptomatic 
deficits of the patients tested
To further the available knowledge on the eti-
ology of ACL injuries, as well as potential risk 
factors, an online questionnaire, based on the 
German ACL registry (www.kreuzbandregister.
de), was designed by the VBG. A second online 
questionnaire, consisting of the Knee Outcome 
Survey Sports Activity Scale (KOS-SAS), the 
2000 IKDC subjective knee evaluation form 
(IKDC 2000), and the Anterior Cruciate 
Ligament-Return to Sport After Injury (ACL- 
RSI)  scale, was prepared to record subjective 
patient parameters. Both questionnaires can 
thus already be answered by the patient from 
home. By programming mandatory responses, 
elementary questions cannot be skipped, which 
should ensure a high response rate. After 
answering the questions, a code word is dis-
played to the patients, which can be used as a 
control instrument for the test centers to check 
whether the questionnaires have already been 
filled out.
In addition to the primary goals, further sec-
ondary objectives should be examined:
• Analysis of the test results with regard to 
dependence on the rehabilitation process
• Analysis of the long-term outcomes as a func-
tion of the test results and the rehabilitation 
process
During pilot implementation, the focus lies 
on the testing of elite and semi-elite athletes with 
insurance coverage at the VBG from the team 
sports football, handball, basketball, and ice 
hockey with primary ruptures of the ACL. The 
test is carried out at the earliest 6 months’ post-
surgery at the time of the announced return to 
unrestricted team training (return to play). The 
recruitment is mainly carried out by the test cen-
ters’ own patients as well as through the recom-
mendation of patients by the VBG. Potentially 
test centers had to apply at the VBG. The appli-
cation had to include information about the cho-
sen test arrangement from the VBG test manual 
and the test centers recruitment process of 
patients. On this basis, five regionally distributed 
test centers were selected. The selection con-
sciously paid attention to the fact that centers are 
involved that could fulfill the minimum stan-
dards or even the gold standard of the test man-
ual (Table 18.1). Each test center should not 
exceed the minimum number of 40 patients. The 
intervention phase lasts for 14 months, and 
patients will be followed up after 12 and 
24 months post-op. The follow-up will include 
information on the further course of rehabilita-
tion, the return to competition, the current activ-
ity level, and possible injuries sustained after 
returning to competition (i.e., muscle injuries, 
second ACL injuries, other injuries).
Fact Box 4 Multilateral implementation
The involvement of different professions in 
the return-to-play process calls for a multi-
lateral implementation strategy to enable a 
widespread distribution within the target 
group of elite and semi-elite football clubs 
(i.e., players, coaches, athletic coaches, 
physiotherapists, team physicians, chair-
men). Education courses of multipliers 
should ensure sustainable application.



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































German elite and semi-elite football shows a 
high risk of injury. Mainly lower limbs are 
affected and lead to the biggest amount of 
short-term disability and medical treatment. 
Injuries of the ACL represent only a small 
share of all injuries, but they are accompanied 
by long downtimes, a high risk of recurrence, 
and high medical costs. Although test proce-
dures for such serious injuries are required 
prior to the completion of the rehabilitation 
procedure in Germany, no standardized guide-
lines existed. Rather than time, which is an 
important factor in biological healing, objec-
tive parameters are needed to monitor, control, 
and optimize the rehabilitation process. 
Especially when it comes to the final return-
to- play decision after an ACL injury, it is 
advisable to carry out a comprehensive test 
battery that considers clinical, physiological, 
and psychological aspects.
In the light of the ambitions to develop a 
standardized test battery, the VBG, the statu-
tory accident insurance for German profes-
sional sports, conducted a consensus 
conference bringing together accredited 
experts and working groups from all profes-
sions that are typically involved in the reha-
bilitation process. As a result of this 
conference, a modular test battery was intro-
duced to promote an accepted standard. The 
inclusion of the target group at an early stage 
in the development process of a modular test 
battery should contribute to an increase in the 
acceptance in sports practice. In the course of 
the consensus process, the expert panel agreed 
upon seven superordinate test categories (i.e., 
clinical and psychological examination, pos-
tural control tests, hop tests, speed tests, agil-
ity tests, exhaustion test, and fatigued hop 
tests), which have to be integral part of a mod-
ular return-to-play test battery. In addition to 
the multiplication through education of 
coaches, physicians, and physiotherapists, the 
test manual is implemented multicentrically 
into sports rehabilitation settings. The selected 
test procedures should ideally be an integral 
part of the pre-injury screening at the begin-
ning of the season, so that individual reference 
values can be used in case of an injury. The 
final return-to-play and return-to-competition 
decision should always be an interdisciplinary 
agreement.
For an optimal implementation of the 
return-to-play test battery and a proper inter-
pretation of the test results, a good communi-
cation between the involved actors and 
professions within the club is needed. 
Therefore, a standardized definition of the 
“return-to” phases in the course of the reha-
bilitation process is indispensable. The 
expert panel agreed on five distinctive mile-
stones that the injured athletes will pass dur-
ing an ideal rehabilitation process. In order to 
raise the awareness of responsible persons in 
the clubs, education of practicable screening 
procedures and the derivation of preventive 
measures are necessary, in addition to pro-
vide information about risk factors and injury 
patterns. During rehabilitation, as well as in 
training and competition, regular monitoring 
helps to quantify the loads of the players and 
to ensure optimal training control. If an 
injury occurs during the course of the season, 
systematic injury documentation could help 
to detect injury hot spots and context factors 
like injury mechanisms. In conjunction with 
a regular screening, this can be used to iden-
tify the causes of injury in the individual set-
ting of the club and to identify risk factors at 
an early phase. Individual prevention mea-
sures derived from this help to minimize 
injuries, ensure high player availability, and 
ultimately increase the sporting success 
potential.
Take-Home Message
• Within an ideal rehabilitation process in team 
sports like football, an injured athlete must 
pass five essential milestones: pre-injury 
screening, return to activity, return to sport, 
return to play, and return to competition.
• Objective test procedures at these milestones 
are needed to monitor, control, and optimize 
the rehabilitation process ensuring a safe pro-
gression to the next rehabilitation phase.
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• The return-to-play milestone is of utmost 
importance as players then progress to unre-
stricted training. Therefore, a comprehensive 
test battery is needed to determine the right 
moment of return-to-play.
• Seven superordinate test categories—clinical 
and psychological examination, postural con-
trol tests, hop tests, speed tests, agility tests, 
exhaustion test, and fatigued hop tests—are 
recommended as integral part of a modular 
return-to-play test battery.
• The modular setup of the test battery reflects 
the heterogeneous infrastructures and capaci-
ties that are given in real-world sports reha-
bilitation settings and will thereby increase 
adherence in the target population.
• To ensure successful implementation of a 
modular test battery, it is important that the 
target group (i.e., the users of the test battery) 
should be involved at an early stage and edu-
cated via various channels (i.e., training, con-
sultation, and application).
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19.1  Introduction
Quadriceps muscle strength is a key factor for the 
return to sports activity after anterior cruciate liga-
ment (ACL) reconstruction; this is especially true 
in football. Quadriceps muscle weakness is a 
major complication of the ACL reconstruction 
surgery when the quadriceps tendon is used for 
the ACL graft [1], but quadriceps muscle weak-
ness can be observed even when the hamstrings 
tendon is utilized [2, 3]. Based on the advantage 
of the hamstrings tendon autograft application in 
terms of quadriceps strength, hamstrings auto-
graft could be selected more often than quadriceps 
tendon autograft for football players (Fig. 19.1). 
Therefore, the quadriceps muscle recovery after 
the ACL reconstruction using hamstrings tendon 
autograft should be seriously considered.
Playing football requires a variety of knee 
movements for running, cutting, jumping, and, of 
course, kicking. Given that those movements 
induce rotational instability in ACL-deficient 
knees, those who have ACL injury and recon-
struction avoid those activities both intentionally 
and unintentionally until his/her surgeon’s per-
mission. Although some might perform pivoting 
sports activities as early as 3–4 months postopera-
tively [4, 5], such early return to sport is not gen-
erally recommended because of the weakened 
and healing graft (Fig. 19.2). After ACL recon-
struction, patients generally go through over 
6 months of rehabilitation, via a program that 
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aims to restore an ability to perform a high level 
of activities. Athletes, especially football players, 
are recommended to pass the return-to- sports cri-
teria before getting back to the field. Most of those 
criteria include a functional movement assess-
ment [6, 7]. Quadriceps strength has a significant 
impact on those functional knee movements [8]. 
In addition, impaired quadriceps strength has a 
possibility to deteriorate long-term knee joint 
health [9]. Wang et al. [10] reported that the 
increased number of patellofemoral joint chon-
dral lesions in the patellofemoral joint could be 
associated with weak quadriceps strength in ACL-
reconstructed patients [10]. Therefore, complete 
recovery of this muscle strength is needed to 
obtain satisfactory knee function for football 
players who underwent the ACL reconstruction.
The optimal or sufficient level of the quadri-
ceps muscle strength recovery after ACL recon-
struction is unknown. Side-to-side difference of 
the quadriceps strength in normal subjects was 
observed between 4 and 16%. In addition, ACL 
reconstructed having over 85% of the quadriceps 
strength in comparison to the contralateral knee 
would allow the performance of a one-leg jump 
similar to that of the contralateral knee [11]. 
Based on those previous studies, a deficit of 
within 15% of quadriceps muscle strength com-
pared to the contralateral knee seems to be an 
acceptable criterion for the return to football field 
after ACL reconstruction.
19.2  Factors Affecting Quadriceps 
Muscle Recovery
It is well known that preoperative quadriceps 
strength is associated with postoperative quadri-
ceps strength following an ACL reconstruction 
using a BPTB graft [12–14]. It was reported that 
1) 2)
Fig. 19.1 An intraoperative arthroscopic picture during 
the ACL reconstruction using hamstrings. Double-bundle 
ACL reconstruction was performed. (a) Two femoral tun-
nels were created on the lateral wall of the intercondylar 
notch. Both AM and PL bundle tunnels were located pos-
terior and proximal to the resident’s ridge (marked by a 
dotted line). (b) Two grafts were crossed over in the mid-
dle of the joint and inserted in the tunnels separately. The 
edges of each bundle graft are highlighted by dotted lines
Fig. 19.2 An MRI of the knee at 6 months after the ACL 
reconstruction using hamstrings tendon autograft (the 
same knee as shown in Fig. 19.1). The reconstructed graft 
(indicated by an arrow) demonstrates taut fibers of low 
signal intensity in the middle but still has some high signal 
intensity areas which suggest incomplete maturation
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patients who had preoperative quadriceps strength 
deficits greater than 20% had significantly lower 
quadriceps strength 2 years after ACL reconstruc-
tion [13]. On the other hand, patients with more 
than 90% preoperative quadriceps strength com-
pared with the uninvolved leg had significantly 
higher quadriceps strength at 1, 2, 3, 12, and 
24 months postoperatively [14]. Similar to those 
previous studies using a BPTB autograft, a recent 
study using a hamstrings tendon autograft dem-
onstrated that preoperative quadriceps strength 
was associated with postoperative quadriceps 
strength at 6 months and 1 year [15]. Furthermore, 
based on a receiver operating curve analysis, 
more than 70% of preoperative quadriceps 
strength index in the ACL-involved knees in 
comparison to the contralateral knees could be 
required to achieve over 85% quadriceps strength 
at 6 months after the ACL reconstruction [15].
Both age and sex are also widely known to 
have a significant relationship with lower quadri-
ceps in the postoperative knees of the ACL recon-
struction. Iriuchishima et al. [16] found the 
influence of age on the residual muscle weakness 
9 months after ACL reconstruction using a ham-
string autograft [16], whereas a higher deficit in 
the peak torque of knee extension and flexion at 
1 year after ACL reconstruction was demonstrated 
in female patients in comparison to male counter-
parts [17]. Ueda et al. [15] reported significant 
impacts of both age and sex on delayed quadri-
ceps recovery after ACL reconstruction using a 
multivariate logistic regression analysis [15]. 
Since both age and sex seem to be highly probable 
to affect the postoperative quadriceps recovery, 
gender-specific and age-specific rehabilitation 
program should be considered to facilitate better 
muscle recovery after ACL reconstruction using a 
hamstrings tendon autograft.
In the postoperative knees that are painful dur-
ing quadriceps strength examination, quadriceps 
strength is assessed to be lower than in the pain-
less knees. Anterior knee pain can be experienced 
in the ACL-reconstructed knees even when a 
hamstrings tendon autograft is used, resulting in 
decreased quadriceps strength at follow-up [17, 
18]. Although cartilage and meniscal injuries are 
widely known to induce knee pain, the direct 
impact of the cartilage and meniscal injuries on 
the postoperative quadriceps strength has not 
been established. It is still unknown what causes 
the anterior knee pain after ACL reconstruction 
using a hamstrings tendon autograft, and, thus, 
further studies are warranted.
The restriction of the range of motion occa-
sionally happens after the ACL reconstruction 
due to reasons that are multifactorial; these 
restrictions include a cyclops lesion or arthrofi-
brosis [19]. Once the restriction of the range of 
motion occurs, the quadriceps muscle recovery 
could be limited [20]. One possible reason for 
this relationship is that reduced knee extension 
compromises the knee joint stability during walk-
ing or other daily activities, which prevents the 
patient from appropriately stimulating postopera-
tive muscle recovery.
Some perioperative managements for the ACL 
reconstruction, such as tourniquet and femoral 
nerve block, have the potential to affect quadri-
ceps muscle recovery. A tourniquet is often used 
in a wide variety of lower extremity surgeries to 
improve visualization during the surgical proce-
dure, possibly leading to less operative time [21]. 
The ACL reconstruction can be performed with-
out a tourniquet, but some prefer to use it to per-
form the operation without concern for poor 
arthroscopic visualization as a result of intra- 
articular bleeding. The effect of tourniquet use on 
quadriceps muscle recovery has been examined. 
Although the short-term influence of the tourni-
quet use at approximately 3 months was inconsis-
tent between reports [22–24], it is consistently 
observed that the muscle recovery is similar 
between groups with and without tourniquet use 
at the time of return to sports, such as 6 months or 
more postoperatively. The femoral nerve block is 
sometimes used as an additional postoperative 
pain control. Better postoperative pain control 
after the ACL reconstruction can be obtained 
with the femoral nerve block, especially in the 
early postoperative period [25, 26]. However, the 
long-term detrimental effect on the muscle recov-
ery was reported in both adult patients [27] and 
the younger population [28]. Therefore, femoral 
nerve blocks should be carefully applied in cases 
where strong postoperative analgesia is desired. 
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Surgeons should pay attention to such periopera-
tive management for ACL reconstruction, con-
sidering their potential effect(s) on postoperative 
muscle recovery.
19.3  Rehabilitation Strategy 
for Improving Quadriceps 
Muscle Recovery
Several rehabilitation strategies have been 
reported for improving recovery of quadriceps 
muscle strength after ACL reconstruction. 
Although there is no doubt about the importance 
of postoperative rehabilitation, preoperative reha-
bilitation is also vital for improving muscle recov-
ery [14, 29, 30]. Keays et al. [30] reported that a 
5-week preoperative quadriceps strength training 
home-based exercise program improved quadri-
ceps recovery and further knee function [30]. 
Furthermore, if the exercise is controlled in a hos-
pital-based setting, only 4 weeks of training could 
provide a beneficial effect on the quadriceps mus-
cle postoperatively [31]. ACL reconstruction 
should be avoided if a restricted range of motion 
with strong inflammation is observed in the knee, 
especially during the acute phase after ACL 
injury. A significant amount of time is needed to 
restore the range of motion and to control inflam-
mation in some cases. In such cases, extensive 
range of motion exercise and muscle training 
should be performed along with anti- inflammatory 
treatment as soon as possible after the injury.
Careful attention should be paid to the exer-
cise scheme. The training effect would be differ-
ent between concentric and eccentric contraction 
of muscles. The use of progressive, high- intensity, 
eccentric contractions has been demonstrated to 
have a significant effect on improving muscle 
size and strength [32]. Negative resistance train-
ing should be incorporated in order to maximize 
the effect of the muscle training after the ACL 
reconstruction [33, 34].
Additional muscle strengthening effect can 
be obtained using electrical stimulation. 
Transcutaneous electrical nerve stimulation 
(TENS) is often used in the postoperative reha-
bilitation after ACL reconstruction, but the main 
purpose of this electrical stimulation is not to 
stimulate the quadriceps muscle directly but to 
reduce the pain and joint effusion, along with 
cryotherapy [35]. Since the beneficial effect of 
postoperative usage of TENS after ACL recon-
struction has been reported [36], TENS has long 
been widely applied. On the other hand, neuro-
muscular electrical stimulation (NMES) is 
another type of the electrical stimulation for 
quadriceps muscle recovery which can be used 
after the ACL reconstruction. Voluntary activa-
tion of quadriceps muscle is often paralyzed after 
the ACL injury and reconstruction; this muscle 
dysfunction is known as arthrogenic muscle inhi-
bition (AMI) [37]. NMES can improve voluntary 
contraction of the quadriceps muscle to over-
come AMI after the ACL reconstruction [38]. 
However, because NMES provides a higher- 
intensity electrical stimulation than TENS, some 
patients may be unable to tolerate the uncomfort-
able sensation and cease usage. NMES does, 
Fact Box 1
Factors affecting quadriceps muscle recov-
ery after the ACL reconstruction using 
hamstrings.
1. Age Negative correlation has been 
observed between age and 
postoperative knee extensor 
strength [15, 16].
2. Sex Female patients are likely to 
have lower quadriceps 
strength in comparison to 
male counterparts [15, 17].




recovery at 6 months after the 
ACL reconstruction, i.e., 
more than 85% of quadriceps 
strength in comparison to the 
contralateral side, was 
demonstrated in those knees 
which had higher preoperative 
quadriceps strength [15].
4.  Femoral 
nerve block
The quadriceps recovery in 
the ACL-reconstructed 
patients with the femoral 
nerve block was inferior to 
that without it [27, 28].
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however, have a more direct effect to induce 
muscle contraction than TENS, and significant 
improvement can be obtained in the quadriceps 
muscle strength and resultant knee function [39]. 
Moreover, the effect of the NMES on the muscle 
recovery can be accentuated by augmenting it 
with eccentric muscle training [40]. Although it 
is still unknown if this positive effect is sustained 
in the long term after the ACL reconstruction, 
NMES can be utilized in an supportive way to the 
postoperative rehabilitation, especially in the 
early stage after ACL reconstruction (Fig. 19.3).
Recently, blood flow restriction training has 
become a subject of increasing focus to stimulate 
muscle hypertrophy [41]. The relative anaerobic 
environment created by the blood flow restriction 
was reported to induce several localized cellular 
and hormonal changes that stimulate muscle 
hypertrophy [42]. The blood flow restriction 
exercise was originally used to enhance muscle 
training effect in athletes [43], but this technique 
can be more beneficial to the patients who could 
not perform higher-intensity training due to their 
own physical ability or medical restriction, with 
comparable training effects from low-intensity 
exercises [44]. This technique has been widely 
applied as a booster for muscle training, while 
there are some possible complications such as 
bruising on the compression site, DVT, or dis-
comfort [45]. The clinical application of this new 
methodology after the ACL reconstruction has 
not been reported; however, some positive 
effect(s) on muscle recovery after ACL recon-
struction would be expected.
Biological stimulation could provide a poten-
tial remedy for the postoperative quadriceps 
muscle atrophy and weakness after the ACL 
reconstruction. To date, stem cell therapy has 
focused more on the ligament healing [46, 47] 
Fig. 19.3 Negative resistance training with a 
neuromuscular electrical stimulation (NMES). A patient 
is instructed to lower his hip slowly (movement direction 
is indicated by an arrow). His quadriceps muscle is volun-
tarily contracted with the support of NMES (NMES 
device’s pad is indicated by an arrowhead)
Fact Box 2
Rehabilitation items for recovering quadri-
ceps muscle strength after ACL reconstruc-
tion using hamstrings tendon autograft, 
especially against arthrogenic muscle inhi-
bition (AMI).
 1. Preoperative rehabilitation. 5 weeks of 
home exercise [30] and 4 weeks of con-
trolled hospital training [31] prior to the 
ACL reconstruction have been proven 
to be effective to improve quadriceps 
muscle postoperatively.
 2. Negative resistance training or eccentric 
muscle exercise. Significant improve-
ment of muscle volume and strength has 
been demonstrated [32].
 3. Neuromuscular electrical stimulation 
(NMES). Although it is too uncomfort-
able for some patients, NMES with 
eccentric exercise provides a great effect 
on quadriceps recovery [40].
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than muscle recovery. Accelerated recovery of 
traumatically damaged muscle can be achieved 
by use of biological enhancement [48], but there 
was no reported biological stimulation for the 
muscle atrophy and weakness after the ACL 
reconstruction, which is mostly due to arthro-
genic muscle inhibition [37]. It is still unknown 
what type of the biological stimulation and how 
much of it should be implemented to maximize 
the effect of muscle recovery after the ACL 
reconstruction, all while minimizing potential 
complications. Therefore, the clinical application 
of such biological stimulation is not widespread 
at the present time.
Take-Home Message
The identified factors that affect quadriceps 
strength after ACL reconstruction using a ham-
strings tendon autograft are age, sex, knee pain, 
and preoperative quadriceps strength. Achieving 
more than 70% of quadriceps strength in the 
involved knees compared to the contralateral side 
is advisable to obtain sufficient quadriceps mus-
cle recovery, i.e., 85% of the contralateral knees, 
when getting back to the football field at 6+ 
months postoperatively. It is generally difficult to 
achieve a clinically acceptable level of quadri-
ceps muscle strength, but every effort to maxi-
mize the quadriceps recovery should be made in 
order to provide a safe return to the football field 
as soon as possible.
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20.1  Introduction to MOON
The Multicenter Orthopaedic Outcomes Network 
(MOON) was established in 2001 in response to a 
growing need for high-quality longitudinal out-
come studies on anterior cruciate ligament recon-
struction (ACLR). This consortium consists of 
over 20 surgeons from seven institutions. With 
more than 3500 patients included, it is the largest 
prospective ACLR outcome cohort in the United 
States and has maintained 80% follow-up at 2, 6, 
and 10 years. The following chapter discusses 
rehabilitation guidelines used by the MOON 
group, the clinical evidence to support these guide-
lines, and the cohort’s football-specific outcomes.
20.2  MOON Rehabilitation 
Guidelines
The ACL rehabilitation guidelines used by 
MOON are based on systematic reviews of level 1 
and level 2 evidence [1–3]. For several aspects of 
ACL rehabilitation, there are no studies that qual-
ify as “best evidence,” or there are too few studies 
to draw confident conclusions [4]. The MOON 
guidelines are for primary ACLR without menis-
cus repair. Progression through these guidelines 
should be tailored by the therapist to fit the spe-
cific needs of the injured athlete. The progression 
through the rehabilitation guidelines is criteria-
based rather than time-based, particularly after 
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12 weeks postoperatively (during the first 
3 months, the guidelines are rendered more time-
based as quadriceps strengthening exercises are 
limited, and thus injured athletes do not meet cri-
teria to advance). It is important to respect the 
healing and “ligamentization” of the graft—par-
ticularly at 6–7 weeks when the graft is thought to 
be the weakest—and thus not accelerate patients 
through their rehabilitation too quickly [5, 6]. The 
time frames in Table 20.1 are approximate for the 
average patient as the fulfill criteria to move on to 
the next phase. Also, the guidelines in Table 20.1 
refer to a primary ACL reconstruction without 
meniscus repair. There is no consensus among the 
MOON group in terms of rehabilitation for an 
associated meniscus repair.
AROM active range of motion, SLR straight- 
leg raises, WBAT weight bear as tolerated, Quad 
quadriceps, Ham hamstring, TKE terminal knee 
extension, NM neuromuscular
Table 20.1 Multicenter Orthopaedic Outcomes Network rehabilitation guidelines. These guidelines are for primary 
ACL reconstruction. They may be adjusted for additional procedures such as cartilage or meniscus repair or other inju-
ries such as medial collateral ligament tear. The table continues in the following pages. Adapted from Wright RW et al. 
“Anterior Cruciate Ligament Reconstruction Rehabilitation: MOON Guidelines.” Sports Health 2015; 7: Appendix
Phases
Estimated 





•  Normal gait
•  Minimal effusion
•  ROM and strength (see 
next column)
•  Patient education on 
postoperative exercises, 
crutch use, and wound 
care
•  ROM: active 0–120° of 
flexion
•  Strength: 20 SLR without 
lag
•  Ready for 
surgery when:
– Minimal effusion





0–2 weeks •  Normal gait pattern
–  Crutches initially, 
WBAT
•  Full knee extension
–  No knee brace/
immobilizer (if 
femoral nerve block, 
wear 24 h only)
•  Quad control: 20 SLR 
without lag
• Minimize pain
•  Minimize swelling
–  Ice with compression 
stocking or 
CryoCuff®
–  Initially: every hour 
for 15 min
–  After acute 
inflammation
controlled: TID for 
30 min
• ROM:
–  Extension: low load, long 
duration (5 min) 
stretching (heel prop, 
prone hang, minimize 
co-contracture and 
nociceptor response)
–  Flexion: wall slides, heel 
slides, seated assisted 
knee flexion, bike—
rocking for range
–  Patellar mobilization 
(monitor for reaction to 
effusion and ROM)
•  Strength:
–  Quad sets, SLR no lag, 
double-leg quarter squats, 
standing TheraBand®-
resisted TKE
–  Ham sets, ham curls, 
quad/ham co-contraction 
supine
–  Side-lying hip add/
abduction
– Prone hip extension
–  Ankle pumps with 
TheraBand® calf press or 
heel raises
• Other:
–  Cardiopulmonary: upper 
body erg machine
–  Scar massage when 
incision healed
•  Crutches 
discontinued:
–  Normal gait 
pattern and can 
go up and 
down stairs 
without pain or 
instability
• SLR no lag >20
• Normal gait
•  ROM: no greater 















3–6 weeks • Full ROM
• Improve muscle 
strength
• Progress NM retraining
• ROM:
– Low load, long duration
–  Heel slides, wall slides, 
heel prop, prone hang, 
bike with lower seat 
height
–  Flexibility stretching all 
major groups
• Strengthening:
–  Quad: quad sets, 
mini- squats, wall squats, 
step-ups, knee extension, 
leg press, shuttle press 
without jump
–  Ham: ham curls, resistive 
SLR with sports cord
–  Hip add/abduction, 
multi-hip machine
–  Standing heel raises from 
double- to single-leg 
support, seated calf press
• NM training:
–  Wobble board, rocker 
board, single-leg stance, 
slide board, fitter
• Cardiopulmonary:
–  Stationary bike, elliptical, 
StairMaster®
Full ROM
•  Minimal 
effusion/pain
•  Functional 
strength and 
control in daily 
activities
•  IKDC Question 
#10 score of ≥7:
–  “How would 
you rate the 
function of 
your knee on a 
scale of 0–10 
with 10 being 
normal, 
excellent 
function and 0 
being the 
inability to 







7–12 week •  Maintain full ROM
•  Demonstrate ability to 
descent an 8” step 
without pain or 
deviation
•  Running without pain 
or swelling
•  Hopping without pain, 
swelling, or giving way
• Strengthening:
–  Squats, leg press, ham 
curl, knee extension 
90°–0°, step-up/down, 
lunges, shuttle, sports 
cord, wall squats, hopping 
without pain (bilateral 
then single leg, end in 1/4 
squat)
• NM training:
–  Wobble/rocker/roller 
board, perturbation 
training, instrumented 
testing systems, varied 
surfaces
• Cardiopulmonary:
–  Straight line running on 
treadmill/protected 
environment
–  Any other 
cardiopulmonary 
equipment
•  Running without 
pain or swelling
•  Hopping without 
pain or swelling 
(bilateral and 
unilateral)















13–16 weeks •  Running patterns 
(figure-8, pivot drills, 
etc.) at 75% speed 
without difficulty
•  Jumping without 
difficulty
•  Hop tests at 75% 
contralateral values
–  Cincinnati hop tests: 
single-leg hop for 
distance, triple hop 
for distance, 
crossover hop for 
distance, 6 m timed 
hop
• Aggressive strengthening:
–  Squats, lunges, 
plyometrics
• Agility drills:
–  Shuffling, hopping, 
carioca, vertical jumps, 
running patterns at 
50–75% speed (e.g., 
figure-8), initial 
sport-specific drills at 
50–75% effort
• NM training:
–  Wobble board, rocker 





–  Running, other 
cardiopulmonary 
equipment
•  Maximum 
vertical jump 
without pain or 
instability
•  75% of 
contralateral on 
hop tests
•  Figure-8 run at 
75% speed 
without difficulty
•  IKDC Question 






•  85% contralateral 
strength
•  85% contralateral on 
hop tests
•  Sport-specific training 
without pain, swelling, 
or difficulty
• Aggressive strengthening:
–  Squats, lunges, 
plyometrics
• Sport-specific activities:
–  Interval training 
programs, sprinting, 
change of direction, 
running patterns in 
football, pivot and drive 
in basketball, kicking in 
soccer, spiking in 
volleyball, skill/
biomechanical analysis 
with coaches and sports 
medicine team
•  Return-to-sport evaluation 
recommendations:





–  No functional 
complaints




–  85% 
contralateral 
values on hop 
tests
–  IKDC Question 
#10 score of 
≥9 (see above)
20.3  Evidence Behind the MOON 
Guidelines
Recent systematic reviews have studied many 
aspects of ACL rehabilitation in depth with 
high- quality data [1–4]. Immediate weight-
bearing following isolated ACL reconstruc-
tion was investigated by one study and found 
a significant decrease in patellofemoral pain 
from 35 to 8% [7]. Immediate range of motion 
has not been studied by randomized trial but is 
a fundamental principle. There are few stud-
ies to adequately evaluate the safety of open-
chain exercises before 6 weeks postoperatively, 
although they appear to improve strength after 
6 weeks without adversely affecting the graft. 
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Given the limited evidence and concern for graft 
strain from open-chain activities, the MOON 
guidelines limit these to light-load, short-arc 
quadriceps exercises in the first 6 weeks after 
surgery. Neuromuscular training such as pro-
prioception and balance training has been found 
to be safe and efficacious. Other safe and effec-
tive training techniques include aquatic therapy, 
slide board work, stair climber, and early quad-
riceps strengthening with straight- leg raises. 
Randomized trials on accelerated rehabilitation 
have not found it to dramatically lessen reha-
bilitation to below 6 months. Scientific evidence 
does not support return in less than 4 months, 
while additional research is needed to evaluate 
the effect of accelerated rehabilitation on graft, 
menisci, and cartilage.
The use of knee immobilizers or hinged knee 
braces in the immediate postoperative time 
frame has been studied by many studies with no 
clinically significant improvement in safety, 
range of motion, or patient-reported outcome 
measures. Similarly, no long-term benefits or 
improvements in range of motion have been 
found with continuous massive motion. Given 
the cost of immediate postoperative bracing and 
continuous passive motion and the lack of ben-
efit, these are not included in the MOON guide-
lines. There is a lack of standardization and 
homogeneity among studies evaluating neuro-
muscular electrical stimulation. The MOON 
group leaves the use of these devices to the ther-
apist’s discretion.
20.4  Rate of Return to Play 
in Football
In 2012, Brophy et al. used the MOON cohort to 
evaluate outcomes and return to play among foot-
ball players after ACLR [8]. A total of 117 ath-
letes were identified from enrollment 
questionnaires; 103 were contacted, and 100 
were deemed eligible (3 were not actually foot-
ball players), resulting in a follow-up rate of 
88%. Mean age was 24, with 55 men and 45 
women. The men were significantly older (27.7 
vs 19.8 years, p < 0.0001). Sixty-nine percent 
received a bone-patellar tendon-bone (BTB) 
autograft, 28% a hamstring autograft, and 4% a 
BTB allograft. The dominant leg was injured in 
57% of athletes.
Seventy-two percent of patients returned to 
football at an average of 12.2 months after sur-
gery (76% of men and 67% of women). At long- 
term average follow-up of 7 ± 1 years, only 35% 
were still playing (38% of men and 31% of 
women), and only 46% of those were playing at 
the same or higher level of play. Both of these 
findings were a significant decrease from initial 
return to play (p < 0.0001). Men were more 
likely than women to attribute their ACL injury 
as the primary reason they were no longer play-
ing football (56% versus 26%, p = 0.02). Leg 
dominance did not affect return to play (70% 
dominant versus 74% non-dominant), time to 
return (11.7 versus 12.8 months), or long-term 
return to play (33% dominant versus 37% 
non-dominant).
To determine an individual football player’s 
ability to return to sport, multivariable analysis is 
required. In this study, multivariable analysis 
evaluated age, gender, and graft type as potential 
risk factors. Women were less likely than men to 
return to play initially (OR 0.31 [0.10–0.93], 
p = 0.037). The reasons for this are complex, as 
women were less likely than men to mention 
their ACL injury as the primary reason they were 
no longer playing football. Women may be more 
likely to limit participation due to external factors 
such as graduation, career, or family. Older sub-
jects also were less likely to return (OR 0.38 
Fact Box 1
• Immediate weight-bearing should be 
encouraged after ACLR.
• Bracing and CPM are neither necessary 
nor beneficial after ACLR and add to the 
cost of the procedure.
• Accelerated rehabilitation after ACLR 
does not reduce return to play to under 
6 months, and additional research is 
needed to evaluate its effect on the graft, 
menisci, and cartilage.
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[0.19–0.76], p = 0.006), perhaps due to loss of 
opportunity or interest to play. Graft type (ham-
string versus BTB) did not matter.
Twelve percent of the athletes had subsequent 
ACL reconstruction. There were nine cases of 
further ACL surgery on the contralateral knee 
and three on the ipsilateral knee. Twenty-five per-
cent of these athletes were still playing at final 
follow-up. Athletes with initial surgery on the 
non-dominant leg had a higher rate of contralat-
eral ACL reconstruction than those with initial 
surgery on the dominant leg (16% versus 3.5%, 
p = 0.03).
20.5  ACL Reconstruction 
Outcomes: Football Versus 
Other Sports
Multivariable analyses from the MOON cohort 
have not shown football to be a predictor of out-
come after ACLR. Kaeding et al. did not find 
football to impact the retear rate within 2 years 
of ACLR (7% retear rate in football versus 8.9% 
in American football, 4.0% in basketball, 3.2% 
in “other”) [9]. There was no effect of type of 
sport on Marx activity level 2 or 6 years after 
ACLR [10, 11]. Cox et al. also evaluated IKDC 
and KOOS scores 6 years after ACLR but did 
not find football to be an independent predictor 
[10]. Another study showed that health-related 
quality of life (SF-36 instrument) was not 
affected by type of sport at 2 or 6 years postop-
eratively [12]. Moreover, the type of sport also 
did not affect presence of a bone bruise on MRI 
or baseline pain (KOOS and SF-36) at the time 
of ACL surgery [13].
Take-Home Message
The MOON group has contributed a significant 
volume of high-quality evidence to the litera-
ture on ACLR. Time- and criteria-based reha-
bilitation guidelines for MOON were 
established based on systematic reviews of 
level 1 and 2 studies. Return to play in football 
in the cohort is approximately 70% at 1 year 
with higher rates in men and younger athletes. 
Compared with other sports, football is not a 
predictor of outcome (for revision rate, IKDC, 
KOOS, Marx, or SF-36 scores) after ACL 
reconstruction.
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21.1  Introduction
Anterior cruciate ligament (ACL) reconstruction 
is the standard treatment for ACL-injured patients 
desiring to return to sports, particularly for ath-
letes who play a cutting and pivoting sports, like 
football. Studies have shown that the knee joint 
undergoes biological changes that are triggered 
by the injury, followed by a second insult again at 
the time of surgery [1–3]. Such biological 
changes in the joint environment may affect how 
the graft matures over time.
Although much progress has been made in our 
knowledge and understanding of ACL reconstruc-
tion in the last decades, culminating in the modern 
individualized anatomic ACL reconstruction con-
cept, allowing a patient to return to sport and unre-
stricted physical activity after surgery remains a 
challenging and difficult decision for the orthope-
dic surgeon. Psychological and physical mile-
stones of one’s rehabilitation have been shown to 
play a role in determining the readiness to return to 
play football after an ACL injury [4–6]. The indi-
vidualization of the rehabilitation is a key part of 
this contemporary approach to patient care, aim-
ing to optimize outcomes and avoid failures.
21.2  Diagnosing and 
Categorizing ACL Tear
Magnetic resonance imaging (MRI) is the 
gold- standard imaging modality to diagnose 
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injury to the ACL [7]. Using 3.0 Tesla (T) 
MRI, reported sensitivity and specificity for 
the diagnosis of ACL tears are 80% and 100%, 
respectively, while the reported accuracy of 
MRI in diagnosis of ACL rupture is as high as 
95% [8].
In order to influence patient management 
and prognosis, previous studies have attempted 
to distinguish between clinically stable and 
unstable ACL tears using MRI. Relying solely 
on axial MRI and correlating with arthroscopic 
findings, studies reported that unstable ACL 
(unstable partial tears and complete tears) find-
ings included cloudlike mass sign, isolated 
ACL bundle sign, and non-visualization of the 
ACL [9]. Stable ACLs were elliptical and atten-
uated or showed areas of increased intrasu-
bstance signal intensity. It was reported with 
100% sensitivity and 96% specificity in being 
able to categorize stable from unstable ACL 
using axial MRI.
In the latter study of 97 patients with 
arthroscopically confirmed ACL tears, which 
were surgically categorized as being stable or 
unstable, their knee MRIs were retrospectively 
reviewed [10]. Stable partial tears included mild 
elongation of ACL fibers and/or laxity during 
probing of the ligament, whereas unstable ACL 
included frank tearing of ligament fibers seen at 
arthroscopy as well as partial tears with clinical 
instability requiring ACL reconstruction. The 
study showed that MRI signs do not allow accu-
rate distinction between clinically stable and 
unstable ACL injuries. Although certain signs 
such as anterior tibial translation, hyperbuckled 
PCL, and uncovering of the posterior horn of the 
lateral meniscus were 100% specific for unstable 
ACL tears, these signs had low sensitivity. The 
authors concluded that MRI cannot sufficiently 
determine which patients require ACL recon-
struction. Based on these studies, determining 
the extent of ACL tear and the decision to treat 
the injured footballer should be based on their 
history, patient’s signs and symptoms, and phys-
ical exam rather than solely on their MRI 
appearance.
21.2.1  MRI Recovery in Non- 
operatively Treated ACL 
Rupture
The ACL’s limited healing capacity has been well 
documented. After ACL ruptures, a synovial tis-
sue layer forms over the ruptured surface, hinder-
ing formation of functional scar and tissue 
bridging the rupture site during recovery [11]. In 
a recent study, 50 non-operatively treated patients 
were followed over 2 years to determine if ACL 
recovery can be shown on MRI [12]. Improvement 
in fiber continuity was noted in 60%, and the 
empty intercondylar notch resolved for 44% of 
patients. However, upon clinical correlation, 
there was no association between MRI fiber con-
tinuity improvement and Lachman test. Instead 
the authors demonstrated that MRI features such 
as decreased signal intensity, which is a MR 
parameter that is a function of tissue type and 
water content, and clear boundaries at 2 years had 
significant association with improvement on 
Lachman test [13]. Although the non-operatively 
treated athlete should not expect complete nor-
malization of knee laxity, some athletes may 
experience partial recovery on MRI and potential 
clinical improvement (Fig. 21.1).
21.3  Predicting Graft Maturity 
Using MRI
Years ago, it was widely accepted in the orthope-
dic community that 6 months of rehabilitation 
was adequate to regain motor control and strength 
for returning to pre-injury levels of sport partici-
pation. There were attempts to develop acceler-
ated recovery protocols that promised safe return 
to play after 3 or 4 months of surgery [14]. 
Recently a shift to a more conservative approach 
has emerged as an option to decrease the proba-
bility of early graft tear rates [15]. For successful 
outcome, the reconstructed graft must be ade-
quately remodeled to be able to withstand the 
physiologic loads and demands that it encounters 
during competition.




The achievement of allograft maturation 
was shown to take up to 18 months after 
surgery.
The study of the natural history of graft matu-
ration comes from 1988, when it was demon-
strated through histologic studies that in vivo 
allograft maturation would take up to 18 months 
to fully develop [16]. Using light and electronic 
microscopy, it was demonstrated that the patella 
tendon was still immature at 12 months after sur-
gery [17]. Although considered the gold-standard 
method for determining graft maturation, histo-
logical analysis, due to its invasive nature of 
arthroscopically acquiring a tissue sample, is 
impractical. Additionally, it is yet to be deter-
mined how a second invasive procedure may 
affect the joint, particularly newly implanted 
graft and cartilage [3].
Clinically, MRI offers a noninvasive tool for 
detecting pathologic changes in the reconstructed 
ACL. It can be used to evaluate ACL graft integ-
rity and maturation following ACL reconstruc-
tion in athletes. Earlier works used magnetic 
resonance angiography (MRA) to demonstrate 
revascularization of autologous hamstring grafts 
and peri-ligamentous structures [18, 19]. Another 
study demonstrated that a branch of the medial 
genicular artery is responsible for revascularizing 
the proximal part of the graft through the poste-
rior capsule, whereas branches of the inferior 
genicular arteries supply distal portion of the 
graft in all patients [20]. Revascularization of the 
graft is an important factor for the remodeling 
process. The same group demonstrated in 30 
patients who underwent single-bundle ACL 
reconstruction with autogenous hamstring ten-
don that blood vessels from arteries reached the 
femoral and tibial tunnels at 2 months postopera-
tively, with blood flow subsequently decreasing 
over time [18]. Although there is near consensus 
in the orthopedic literature that graft healing may 
continue to occur for a few years after ACLR, the 
remodeling process is most active in the initial 
6 months [21–23]. Based on these results, it is not 
surprising that most re-tears of the graft occur 
during the first 2 years after surgery [24].
In additional to revascularization studies, 
there have been increasing research interest to 
predict graft mechanical properties by 
MRI. Animal models have shown that MRI sig-
nal intensity of the reconstructed graft decreases 
with time postoperatively. There is also a nega-
tive correlation between signal and biomechani-
cal properties including load to failure, stiffness, 
and tensile strength [25].
Fact Box 2
Most graft tears occur in the first 2 years 
after ACLR.
a bFig. 21.1 (a) Coronal 
oblique T2 cut 2 weeks 
after a noncontact ACL 
incomplete tear; (b) 
follow-up MRI after 
3 months of injury 
showing the healing 
ACL
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Using a sheep animal model, ACL reconstruc-
tion using autologous Achilles tendon graft was 
done to compare graft signal intensity on MRI 
with biomechanical and histologic parameters. 
After undergoing plain and gadolinium contrast- 
enhanced MRI, the animals were sacrificed after 
6, 12, 24, 52, or 104 weeks. The author found that 
when signal intensity was highest at 6–12 weeks, 
the grafts had lowest tensile strength. Most strik-
ingly, gadolinium-enhanced MRI signal intensity 
did not return to that of native ACL until 
104 weeks, suggesting ongoing and late remodel-
ing process. Although signal intensity of graft 
normalized at 104 weeks, the structural proper-
ties of the graft were inferior to that of healthy, 
uninjured ACL. Such findings suggest that nor-
mal signal intensity does not necessary reflect the 
graft’s absolute strength but may reflect com-
pleted remodeling process which is accompanied 
by reduction in vascularity and water content.
In an attempt to correlate the graft mechanical 
properties with the T2 relaxation time signal 
intensity, a study using nine goats that underwent 
ACL reconstruction using patellar tendon auto-
graft was conducted [26]. After 6 weeks of heal-
ing, T2 relaxation time alone did not demonstrate 
significant correlation to failure load or linear 
stiffness. However, authors found significant cor-
relation between volume normalized by T2 relax-
ation time and biomechanical properties of the 
healing ACL. Moreover, there was a significant 
correlation with graft volume and anterior trans-
lation at 30° of knee flexion—when the graft vol-
ume was normalized by T2 relaxation time. The 
authors suggested that because T2 relaxation is 
not dependent on the scanner and acquisition 
parameters, when used in conjunction with graft 
volume, it is a better indicator of graft healing.
In a clinical study examining association 
between T2 MRI and degree of knee instability, 
61 patients that previously had anatomic double- 
bundle ACL reconstruction were clinically and 
radiographically evaluated at 3, 6, and 12 months 
postoperatively [27]. The researchers found that 
at 12 months, nine of ten patients with poorly 
functioning grafts (anteroposterior translation 
≥4 mm on side to side difference) had higher sig-
nal intensity. This study suggests that an increas-
ing trend in T2 signal intensity may be a surrogate 
indicator for grafts that have more laxity.
21.4  Authors’ Preferred 
Management
At the authors’ institution, follow-up MRI 
scans are routinely ordered for those patients 
who are willing to return to football or other 
cutting and pivoting activities earlier than 
9 months after ACL reconstruction (Fig. 21.2). 
Influenced by secondary factors and gains, this 
motivation for speedy return to competitive 
sports is especially prevalent among elite col-
legiate and professional athletes. We have noted 
that the time for graft maturation varies not 
only between allograft and autograft but also 
between different types of autografts. In our 
experience, the quadriceps tendon with bone 
block had lower signal intensity (improved 
maturation) than the hamstring tendons at 
6 months [28]. When only one ACL bundle is 
torn, we encounter the ideal situation to follow-
up and compare the signal intensity of the intact 
native ACL bundle with the reconstructed ACL 
graft side by side (Fig. 21.3). When following 
this subset of patients, the comparison between 
the MRI signal intensity of the remaining native 
ACL and the graft allows the surgeon to easily 
identify the different phases of the graft matu-
ration over time.
Fact Box 3
Studies have shown that an MRI with 
increased T2 signal intensity indicates 
increased graft laxity.
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a b c d
Fig. 21.2 Sagittal oblique T2 MRI showing the revascu-
larization of the graft of a professional athlete who had an 
ACLR with quadriceps graft. (a) 1 day postoperative 
(PO). The graft signal intensity is comparable to the intact 
quadriceps tendon with no signs of revascularization; (b) 
10 weeks PO. The graft signal intensity increased over 
time, as an indicative of revascularization; (c) 6 months 
PO. Although not yet mature, there is noticeable decreased 
graft signal intensity compared to b; (d) 10 months PO 
imaging showing increased maturity of the graft (lower 
signal intensity) when compared to the 6 months MRI
Fact Box 4
The quadriceps tendon with bone block 
demonstrated improved maturation com-
pared to hamstring tendons at 6 months 
after ACLR.
Follow-up MRI serves as an additional tool in 
the decision-making process. If the patient has an 
immature graft on the MRI, then the athlete is 
advised to refrain from immediate return to com-
petition. Conversely, if the patient has not yet 
achieved the adequate functional milestones in 
physical therapy, having a radiologically mature 
graft does not yield him allowance to return to 
play as the lack of muscle control puts the athlete 
at increased risk of early re-tear.
Translating the basic MRI research to the clin-
ical setting is often not possible without some 
adaptations due to cost and time restrictions. For 
the general orthopedic surgeon, ordering a single 
follow-up MRI may pose a practical challenge. 
Acknowledging these limitations and developing 
a combined evaluation of the MRI signal inten-
sity, rehabilitation milestones, psychological fol-
low- up, and common sense are currently the best 
tools available to guide our footballers to safe and 
full functional recovery.
Take-Home Message
ACL rupture is a common injury in football result-
ing in significant impact on the injured athlete’s 
quality of life as well as financial burden to soci-
ety. Adequate rehabilitation is critical to safe and 
effective return to play. Recent studies suggest that 
determining the extent of ACL tear and the deci-
sion to treat the injured footballer should be based 
on their personal goals, history, patient’s signs and 
symptoms, and physical exam rather than solely 
on their MRI appearance. Furthermore, MRI may 
be used to assess graft maturity and remodeling 
after ACL reconstruction. It is a valuable, sensi-
tive, and noninvasive tool which can detect biome-
chanical changes in the graft itself and provide 
additional information on the athlete’s readiness 
for return to play. An immature graft has greater 
risk of re-rupture and thus warrants extra time for 
recovery, and a better understanding of these con-
cepts is essential to optimize the treatment of 
patients undergoing rehabilitation after ACL 
reconstruction. MRI should be used in conjunction 
with battery of functional and psychological tests 
to maximize successful, safe return to sports.
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Fig. 21.3 Sagittal oblique T2 MRI of a 16-year-old ath-
lete who had a posterolateral bundle (PL) augmentation 
surgery. (a) Intact ACL; (b) isolated PL tear; (c) immature 
PL graft at 2 weeks PO; (d) revascularization of the PL 
graft at 4 months PO; (e) and (f) mature graft at 1 year and 
2 years PO (* indicates the intact anteromedial bundle of 
the native ACL; + indicates the autograft used for recon-
structing the PL bundle of the ACL)
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22.1  Outcome Following Surgery
Increased participation in both competitive and 
recreational sports has led to a greater number 
of sports-related injuries. For the athletic pop-
ulation, the ultimate outcome of interest after 
injury is the ability to return to prior level of 
sports participation in terms of intensity, fre-
quency, duration, absence of symptoms, and 
prevention of re-injury. Providers share the 
concern of returning their patients to preinjury 
levels of function and performance [1, 2] after 
a destabilizing knee injury. However, assess-
ment of this outcome is difficult and is affected 
not only by physical factors but also by psy-
chological factors [3, 4] and social behaviors. 
The multiple factors surrounding successful 
return to sports participation as well as varia-
tion in measurement methods have limited the 
ability to measure and improve return to sports 
participation. This chapter will discuss current 
issues with assessing return to sports participa-
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tion in general and specifically in football, 
commonly used measurement scales, the suc-
cess rate of surgery and rehabilitation in 
achieving this goal, the influence on results by 
the measurement method chosen, and current 
recommendations for assessing return to prein-
jury level of sports participation after ACL 
reconstruction.
22.2  Return to Play Overall Rates
Despite advances in surgical techniques and post-
operative rehabilitation that often result in excel-
lent recovery of knee joint stability [5] and 
self-report measures [5–7], many studies have 
shown that a substantial percentage of athletes do 
not return to preinjury levels of activity [8–10]. 
Considerable variation in return to sports partici-
pation exists in the literature, with reported rates 
ranging from 18% to 100% [9]. Ardern et al. [11] 
performed a systematic review of 7556 patients 
from 69 studies, where the mean age at time of 
surgery was 25.8 ± 3.2 years. They reported that 
81% (95% CI 74–87%) returned to some form of 
sports, 65% (95% CI 59–72%) returned their pre-
injury level of play, but only 55% (95% CI 
46–63%) returned to competitive sports. They 
[11] identified a number of non-modifiable fac-
tors that favored successful return to play such as: 
elite athlete status when compared to nonelite 
athletes, male gender, and younger age. 
Modifiable factors also influenced the rate of suc-
cessful return, with those showing higher physi-
cal activity levels, more frequent participation, 
and greater psychological readiness to return to 
play, all favoring successful return to play fol-
lowing injury [11].
Return to play rates specifically in football 
show similar variability, ranging from approxi-
mately 50% [12, 13] to >90% [14–16]. Likewise, 
when assessing the rate of returning to preinjury 
level of participation in football, large variations 
are seen. Sandon et al. [13] reported that only 
36% of the football players in their study returned 
to playing football at the same or higher level. In 
a cohort of female football players who were able 
to return to play, 59% played at the same level as 
before their ACL injury [12]. A retrospective 
study, performed by the authors, surveyed indi-
viduals 1–5 years after ACL reconstruction and 
compared their preinjury sports participation to 
their best after surgery [17]. The survey was com-
pleted by 251 individuals, 48 of which partici-
pated in football. Fifty-eight percent (58%) of 
football players reported returning to their prein-
jury level of football participation. In contrast, 
Walden et al. [14, 15] reported that 97% and 93% 
of elite level football players returned to the same 
level of play initially after surgery, and Zaffagnini 
et al. [16] reported 95% returned to the same level 
of football at 1 year. However, both Walden et al. 
[14] and Zaffagnini et al. [16] reported more mod-
est rates of returning to preinjury levels at 3 (65%) 
and 4 years (62%), respectively. Factors that 
favored success in returning play in football 
included: a shorter time from injury to surgery 
[12], high motivation for returning to football 
[12], being on scholarship, [18] more years of 
scholastic eligibility remaining [18], and an ear-
lier time period after surgery [14, 16]. Negative 
prognostic factors for returning to play in football, 
includes female gender, the presence of cartilage 
injury, and persistent knee pain with activity [13].
22.3  Reasons/Causes of Inability 
to Return to Sports
Some patients who fail to resume sports partici-
pation at their previous level may be physically 
unable to do so [19], whereas others may do so 
for reasons that extend beyond physical limita-
tions [3, 20]. Fear of re-injury is the most fre-
quently reported reason why a patient may decide 
to not return to their preinjury level of play [3], 
followed by shifting life priorities, developing a 
cautious personality [4], and lack of confidence. 
Likewise, our unpublished data examining those 
involved in football suggests fear of re-injury 
(58%), lack of confidence (42%), and work or 
family obligations (25%) were the reasons for not 
returning to participation in football. 
Psychological readiness to return to preinjury 
sports participation has also been found to be a 
factor, with those exhibiting greater readiness 
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being more likely to return to preinjury levels of 
sports participation [3, 11]. A growing body of 
evidence exists suggesting factors outside of 
impairments in body structures may have a sig-
nificant implication on returning to preinjury lev-
els of sports participation after ACL injury [3, 4, 
21, 22]. Therefore, in addition to potential ongo-
ing limitations with physical function or perfor-
mance, returning to preinjury levels of 
participation appears to be complex and multi-
factorial [3]. Secondary to the relationship 
between the physical and psychological compo-
nents of returning to sports participation, defin-
ing what successful return to play is has been 
challenging and has led to considerable variation 
in the rates reported.
22.4  Multiple Definitions 
of Return to Sports
Variable definitions of return to sports likely 
contribute the wide range of return to sports 
reported. Multiple definitions of return to sports 
exist in the scientific literature, including return-
ing to any sport participation, attainment of pre-
injury levels of activity, returning to competitive 
sports [11], and returning to preinjury level of 
competitive sports. The manner in which return 
to sports is assessed also varies, with some liter-
ature utilizing patient-reported outcome mea-
sures [23–26], returning to the same number of 
hours of sports participation per year as before 
the injury [27], and by using a global question of 
return to sports [21, 28, 29], As evidenced in the 
systematic review by Ardern et al. [11], the 
methods in which return to sports is defined can 
directly influence the final outcome of successful 
return to sports participation. The variability in 
the definition of return to sports participation 
likely contributes to the dissimilarity in return to 
sports rates reported in the literature and the 
overall estimate of the treatment effect after knee 
injury in athletes. Moreover, the lack of a univer-
sally accepted definition of return to sports not 
only limits the ability to measure return to sports, 
but it may also limits the ability to improve 
return to sports.
22.5  Measures of Activity 
and Participation
22.5.1  Tegner
Tegner and Lysholm [30] developed an activity 
scale in 1985 that graded work and sports activi-
ties numerically. This activity rating scale (Tegner 
activity scale) was initially constructed as a com-
pliment to the functional score of a modified ver-
sion of the Lysholm Knee Scoring Scale [31]. 
The Tegner activity scale [30] is presented as a 
single question concerning the highest level of 
activity possible. The activity scale covers activi-
ties of daily living and competitive and recre-
ational sports [30]. Grading is from 10 to 0, 
where responses range from “competitive 
sports—national and international elite soccer” 
(10) to “sick leave or disability pension due to 
knee problems” (0) [30]. The initial investigation 
of the behavior of the Tegner activity scale [30], 
as it related to the Lysholm score, revealed a sig-
nificantly higher Lysholm scores for those who 
scored 5–10 (83 ± 10) compared with those who 
scored a 0 (53 ± 16). Tegner and Lysholm [30] 
concluded the activity scale was a useful comple-
ment to the functional score derived from the 
Lysholm Knee Scoring Scale [31], and it pro-
vided additional information on activity level as 
well.
Since the initial testing of the Tegner scale 
was published, the scale has been widely utilized 
by researchers [32]. However, the Tegner scale 
was initially designed to be administered by a 
physician. In 2009, Briggs et al. [32] retested the 
Tegner activity scale to determine the 
 psychometric properties when patient-adminis-
tered and to determine how responsive to change 
the scale was in early stages of recovery post-
anterior cruciate ligament reconstruction 
(ACLR). The Tegner scale was found to have an 
acceptable test-retest reliability (ICC = 0.82, 
95% CI: 0.66–0.89), with a minimal detectable 
change of 1 [32]. Floor (8%) and ceiling (3%) 
effects were also considered acceptable, and the 
scale was significantly correlated to the IKDC 
subjective knee score, the Marx activity scale, 
and the physical component of the SF-12, which 
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demonstrated validity of the scale [32, 33]. The 
Tegner scale was also found to be responsive to 
changes 9 months to 2 years post ACLR [32]. 
Overall, Briggs et al. [32] concluded the Tegner 
activity scale, when patient-administered, has 
acceptable psychometric properties and is a valid 
outcome measure for patients with ACL injuries 
and to a lesser extent patients with meniscal inju-
ries [33]. A primary concern related to the Tegner 
scale is the arbitrariness of the ranking of differ-
ent sports in activity level [34]. Additional con-
cerns include the possibility that activity level for 
a given sport may vary among individuals and 
that omission of a sport may lead to misclassifi-
cation [30].
22.6  Cincinnati Sports Activity 
Scale
Introduced by Noyes et al. [35] in 1989, the 
Cincinnati sports activity scale set forth to ana-
lyze the overall intensity of athletic participation 
by combining the type of activity and frequency 
of participation. The criteria for the type of activ-
ity engaged in described usual activities involved 
in sports and were subdivided into three levels, 
with an additional level for those unable to par-
ticipate in sports [35]. Level I sports involved 
jumping, hard pivoting, and cutting. Level II 
sports involved running, twisting, and turning. 
Level III was composed of sports that did not 
involve running, twisting, or jumping. Finally, an 
activity of daily living category was established 
to determine severity of symptoms for those who 
do not participate in sports [35]. Additionally, the 
frequency of participation was established 
through 4 major categories, 4–7 times per week, 
1–3 times per week, 1–3 times per month, and no 
sports [35]. Scores range from 100 (Level I activ-
ities, 4–7 times per week) to 0 (no sports and 
severe problems with ADLs). This scale is one of 
only a few scales that account for frequency of 
activity, which is an important factor to be con-
sidered [36]. Test-retest reliability has shown to 
be high (ICC = 0.98), and acceptable validity has 
been established [37]. However, some concerns 
have been raised in terms of its use [34]. This 
scale can rate subjects that do not engage in run-
ning, twisting, or jumping sports, but do so 4–7 
times per week at 90 points, while subjects who 
do participate in jumping, hard pivoting, or cut-
ting sports, but at 1–3 times per week at 85 [34, 
37]. Marx et al. [34] raised the concern that cut-
ting sports at a lesser frequency may place greater 
demands on the knee than less-demanding sports 
at a higher frequency, which is not be reflected in 
the Cincinnati sports activity scale.
22.7  International Knee 
Documentation Committee 
(IKDC)
In 1987, a group of knee surgeons from Europe 
and North America created the International Knee 
Documentation Committee Knee Ligament 
Evaluation Form (IKDC—KLEF) [38]. One of the 
main purposes of the IKDC—KLEF form was to 
establish an evaluation method that did not overes-
timate knee function by successfully satisfying 
parameters not important to higher level activities 
[38]. Additionally, the IKDC—KLEF was based 
only on the essential, reproducible criteria required 
to evaluate outcomes [39]. The full IKDC—KLEF 
included a documentation, qualification, and eval-
uation section, and was intended to be used pre- 
and postoperatively [38]. Widely used in the USA 
and Europe, the IKDC—KLEF was created with 
many of the factors adopted from the Cincinnati 
Rating System, including the sports activity scale 
[37]. However, in contrast to the Cincinnati Rating 
System, the IKDC—KLEF form was more con-
cise and convenient, one page in length, yet still 
comprehensive enough to satisfy many require-
ments of sports [38]. Activity level, preinjury, pre-
treatment, and present, was defined as Level I 
through Level IV [38]. Level I activities included 
jumping, pivoting, and hard cutting, as in football 
or soccer. Level II activities included heavy man-
ual work, such as skiing and tennis. Level III 
included light manual work, like jogging and run-
ning, and Level IV included sedentary work [38]. 
Symptoms were graded in terms of the highest 
level of activity without pain, swelling, and partial 
or complete giving way [38]. However, the 
IKDC—KLEF did not consider the frequency of 
activity when considering participation level.
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22.8  Marx Activity Scale
Marx et al. [34] set forth to establish a rating 
scale to measure activity level of patients based 
on the principle that large variations in the fre-
quency and intensity of sports participated in 
exist among patients and athletes. They claimed 
that activity levels are an important prognostic 
factor in the sports medicine population, as 
expectations and physical demands differ 
between those who are very active compared to 
those who are relatively sedentary [34]. The 
Marx activity scale was constructed to be self- 
administered, in an efficient and timely manner, 
and to allow comparisons between individuals 
who participate in different sports [34].
Deliberate steps were taken to avoid using 
specific sports as examples, as opposed to Tegner 
activity scale, which considers only participation 
in a sport [34]. Instead the focus centered on the 
respondent’s actual activity. The scale contains 
four questions regarding running, cutting, decel-
erating, and pivoting, each rated in terms of the 
frequency the activity is performed. Frequencies 
range from less than once per month to 4 or more 
times per week [34]. Original test-retest reliabil-
ity was shown to be excellent (ICC 0.97), and the 
scale correlated well with three other activity rat-
ing scales. In particular, the Marx activity scale 
was most highly related to the Tegner and 
Cincinnati sports activity scales [34]. Also noted 
in terms of the psychometric properties of the 
Marx scale was the inverse correlation with the 
respondent’s age (r = −0.48). The scale presents 
a manner to obtain a more accurate estimation of 
baseline activity at the patient’s highest level 
rather than a mere health status tool and provides 
an excellent goal for determining return to sports 
and activity after knee injury.
22.9  SPORTS Score
Initially used to assess the ability of athletes to 
return to sports following surgery for elbow con-
tractures [40], the Subjective Patient Outcome for 
Return to Sports (SPORTS) score was developed 
as a simple method to evaluate an athlete’s ability 
to return to sport [41]. The development of the 
1-item SPORTS score was aimed specifically for 
use in evaluating athletes and their ability to 
return to their sport [41], regardless of being a 
competitive or recreational athlete. The SPORTS 
score consists of three main components: per-
forming the same sport at the same level of effort, 
obtaining similar levels of performance, and to 
do so in the absence or regardless of pain [41]. 
The score ranges from 0 to 10, where 0 represents 
not returning to the same sport and 10 represents 
obtaining the same effort and performance as 
before injury without pain [41]. Test-retest reli-
ability, criterion validity, and floor and ceiling 
effects have been evaluated for this instrument in 
a group of athletes 5–10 years after anterior cru-
ciate ligament reconstruction [41]. Test-rest reli-
ability of the score was found to be excellent 
(ICC 0.97). The instrument also showed strong 
correlations with the overall and sports and recre-
ational component of the Knee Injury and 
Osteoarthritis Score (KOOS) and a moderate cor-
relation with the Lysholm score [41]. Floor 
effects were low (9%). However, a limitation 
with the SPORTS scale may be in its ability to 
detect change at the highest levels of perfor-
mance, with a reported ceiling effect of 32% 
[41]. Additionally, the reported psychometric 
properties were established via a retrospective 
study, which could potentially introduce recall 
bias. Overall, the SPORTS score does possess 
excellent reliability and acceptable criterion 
validity and may be useful in assessing return to 
sport, especially after ACL reconstruction.
22.10  Unidimensional Self-Report 
vs Multidimensional 
Assessments
Self-report of return to sports activity is some-
times assessed through a global question such as 
“Did you return to the same intensity, frequency, 
and duration of preinjury level of sports activity 
and participation?” However, it has been shown 
that an individual’s answer and interpretation of 
such a question may not accurately reflect all 
aspects of achievement of return to preinjury lev-
els of sports participation. Therefore when utiliz-
ing a standardized assessment, consideration 
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should be given to a number of factors including: 
the type of sports engaged in, frequency of par-
ticipation, duration and intensity of activity, the 
quality of the performance, and any symptoms 
that occur during or after participation. The 
IKDC—KLEF provides an established criteria 
for defining the type and level of sports criteria, 
with very strenuous, strenuous, moderate, and 
light corresponding to Levels 1 through 4 respect-
fully [38]. The Cincinnati sports activity scale 
[35] and the Marx activity scale [34] provide 
validated measures of the frequency of activity 
and how it can be assessed, typically defining fre-
quencies as 4–7 times per week (competitive ath-
lete), 1–3 times per week (recreational athlete), 
1–3 times per month (occasional athlete), and <1 
time per month. The Marx activity scale [34] pro-
vides an excellent manner to accurately estimate 
overall activity at the highest level and at multiple 
time points thereafter.
Therefore, a comprehensive manner to define 
return to sports can be developed by using aspects 
of multiple, validated patient-reported measures 
of the type and frequency of sports participation 
and activity. A multidimensional assessment [42] 
of return to sports that utilizes these three param-
eters (type of activity, frequency of participation, 
and Marx score) to create a comprehensive defi-
nition of return to sports is recommended. 
Individuals are considered to have returned to 
preinjury sports activity only if the type and fre-
quency of sports participation and the Marx 
activity score after treatment are equal to or bet-
ter than the preinjury status.
22.11  Current Recommendations
Based on the difficulty in accurately assessing 
return to sports, multidimensional assessment of 
return to sports participation and activity that con-
siders the type and frequency of sports participa-
tion and activity and the Marx activity score is 
recommended. This information should be 
reported from the individual’s perspective (i.e., 
self- or patient-reported measures) to minimize 
issues that introduce variability into the assess-
ment. To prevent recall bias, it is important to mea-
sure preinjury level and frequency of sports 
participation and activity immediately after one’s 
injury. Following the injury and during the process 
of recovery, it is recommended that return to activ-
ity and participation is prospectively assessed. The 
clinician and/or researcher should document key 
milestones such as return to running, cutting, 
jumping, agility drills, practice, competition, and 
full competition without restrictions as they are 
achieved. Additionally, the clinician and/or 
researcher should record symptoms and recurrent 
injury to the ACL-reconstructed knee as well as 
the contralateral knee. Comparing the frequency 
of running, cutting, decelerating, and pivoting 
with the Marx activity score before and after injury 
reduces the likelihood of incorrectly identifying a 
successful return to preinjury level of sports par-
ticipation [42]. Lastly, it is important to document 
reasons for decreased activity and participation. 
Determination should be made whether reasons 
for reduced activity are related to the knee, life-
style changes, or a combination of knee and life-
style alterations [42]. Ideally, determinants of 
success in returning to sports should be individual-
ized according to the goals of the patient.
22.12  Discrepancies Between 
Assessment Methods
There is a discrepancy between unidimensional 
measurements compared with comprehensive cri-
teria that have been described to assess return to 
sports. It is possible that separate constructs are 
measured with each method of assessment. 
Comprehensive assessment may focus more 
objectively on functional abilities and participa-
tion habits, while global assessments may depend 
on overall patient satisfaction, which can be influ-
enced by attitude and personality traits. There is a 
need for clarity and standardization in regards to 
what clinicians and patients are measuring when 
assessing successful return to sports participation. 
Moreover, qualitative research, including cogni-
tive interviews, with athletes is needed to better 
understand the discrepancies in these definitions 
and to develop the most accurate definition and 
methods for determining return to sports.
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22.13  Future Directions
Further work is needed to develop and accept a 
standard, universally applied definition of return to 
sports. The use of qualitative methods, including 
cognitive interviews, is needed to determine what 
return to sports means to the individual and how 
the individual interprets and constructs responses 
to questions about return to sports. When deter-
mining return to sports, additional work is required 
to determine how changes in the individual’s life-
style and interests over time should be accounted 
for, as well as how the quality of performance 
and symptoms should be incorporated. Through 
such future efforts, greater accuracy and generaliz-
ability can be established to assess this important 
outcome following knee injury in the athletic 
population.
22.14  Summary
Return to play rates in football show similar vari-
ability as those reported for other sports popula-
tions. When assessing return to play in the 
football player, it is important to define the level 
of return to play through not only physical abili-
ties, but also patient-reported measures of sports 
activity and participation. A host of patient- 
reported measures of sports activity and partici-
pation exist and many have shown acceptable 
psychometric properties. Those patient-reported 
measures that assess activity level and the type 
and frequency of sports participation provide 
greater accuracy in assessing return to play over 
simple self-report by the athlete. Standardization 
of the definition of return to play and the manner 
in which return to play is assessed is needed to 
improve the generalizability and accuracy of 
return to play after ACL reconstruction in 
football.
Take Home Message
When assessing return to play in football after 
ACL reconstruction, assessing patient-reported 
function through evidence-based outcome mea-
sures is essential. Patient-reported measures that 
assess the type and frequency of sports participa-
tion and activity in comparison to preinjury level 
of sports are preferred over unidimensional 
scales. Comprehensive assessment of return to 
play limits overestimation of return and provides 




outcome Reliability MDC or MCID Floor effects Ceiling effects
Tegner ICC = 0.82 MDC = 1 8% 3%
Cincinnati sports 
activity scale
ICC = 0.98 NA No No
IKDC-SKF ICC = 0.94 MCID = 6.3–20.5 0% <1%
Marx activity scale ICC = 0.97 MDC = 9.9 NA NA




Factors favoring successful return to sports
• Younger age
• Male gender
• Elite athlete status
• Greater physical activity levels
• Greater frequency of participation
• Greater psychological readiness
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23.1  Background
Soft tissue injuries are commonly associated 
with disruption in sporting activities, from recre-
ational to professional, and frequently delay or 
limit return to play in football. There is a wide 
spectrum of orthobiologic therapies that have 
been developed to facilitate return to play, ide-
ally back to a pre-injury level of function. 
Despite advances in operative and nonoperative 
treatment methods, there continues to be consid-
erable debate regarding optimal management 
interventions, particularly with respect to carti-
lage and ligamentous pathology. Biologic aug-
mentation of healing processes is increasingly 
used and includes therapies that take advantage 
of platelet-rich plasma (PRP) and mesenchymal 
stem cell (MSC) preparations. These treatments 
are often used in an injectable form to treat an 
array of musculoskeletal injuries and also used 
in more complex procedures such as ligament 
repair and cartilage restoration.
The potential for the use of biologics in the 
treatment of functionally limiting ligament or 
tendon injury is encouraging [25, 27]. 
Regarding anterior cruciate ligament (ACL) 
insufficiency, reconstruction with tendon graft 
is considered the gold standard treatment, lead-
ing to high rates of return to play at all levels of 
competition. There are a number of limitations 
of current surgical treatments that are used to 
reconstruct ligaments. The incorporation of 
tendinous graft and restoration of ligamentous 
G.P. Whyte, M.D., M.Sc., F.R.C.S.C. 
Orthopaedic Arthroscopic Surgery International 
(OASI) Bioresearch Foundation,  
NPO, Via G.A. Amadeo, 24, 20133, Milan, Italy
Cornell University, Weill Medical College, New York 
Presbyterian Hospital/Queens, New York, NY, USA  
A. Gobbi, M.D. (*) 
Orthopaedic Arthroscopic Surgery International 
(OASI) Bioresearch Foundation,  
NPO, Via G.A. Amadeo, 24, 20133, Milan, Italy
e-mail: gobbi@cartilagedoctor.it 
J.G. Lane, M.D. 
Orthopaedic Arthroscopic Surgery International 
(OASI) Bioresearch Foundation,  
NPO, Via G.A. Amadeo, 24, 20133, Milan, Italy 
Musculoskeletal and Joint Research Foundation,  




stability is a slow process, particularly in case 
of ACL reconstruction, due to the hypocellular 
and hypovascular qualities of this tissue [40]. 
More than a year after reconstruction, the struc-
ture and mechanical characteristics of ACL 
repair tissue are inferior to native ligament. 
Additionally, following ligament reconstruc-
tion, restoration of proprioception is incom-
plete, joint kinematics are not normalized, and 
premature degenerative changes to the articular 
cartilage may develop [18].
Soft tissue injuries may result in substantial 
lifestyle modification and functional impairment, 
even after the injured tissue is repaired or recon-
structed with contemporary surgical methods. 
Therapeutic approaches that utilize biologic fac-
tors, or surgical procedures that are augmented 
with these elements, may provide treatment alter-
natives with the potential to overcome some of 
the limitations of current management strategies.
23.2  Growth Factors and Platelet- 
Rich Plasma (PRP)
Growth factors have the capacity to stimulate cel-
lular migration and proliferation, direct cellular 
differentiation, and to increase collagen produc-
tion. There have been numerous bioactive sub-
stances shown to coordinate cellular repair 
processes in response to ligament and tendon 
injury [1]. Growth factors are upregulated fol-
lowing injury, playing a crucial role in orchestrat-
ing repair processes at all stages of the healing. 
Examples of such bioactive factors that have 
been shown to coordinate these processes include 
insulin-like growth factor-1 (IGF-1), bone mor-
phogenetic protein (BMP), transforming growth 
factor beta (TGF-β), basic fibroblast growth fac-
tor (bFGF), and platelet-derived growth factor 
(PDGF) [14, 36, 45, 63]. Application of FGF has 
been demonstrated to improve vascularity and 
subsequent healing in an animal model, and BMP 
has been associated with superior healing in 
cases of Achilles tendon injury [2, 35]. Moreover, 
growth factors have been used in association with 
various scaffolding materials to enhance liga-
ment repair procedures in animals [13].
Platelet-rich plasma is an increasingly used 
treatment containing growth factors that are 
released from activated platelets. Platelets con-
tain several bioactive proteins that are capable of 
coordinating tissue repair processes. These fac-
tors regulate cellular differentiation, prolifera-
tion, chemotaxis, and migration, and are 
important in the synthesis of extracellular matrix. 
The potential for PRP to initiate and augment 
natural healing cascades is the rationale for the 
use of PRP in clinical practice, and so this ortho-
biologic is typically applied to the site of injury, 
where concentrated bioactive factors are released 
and act to stimulate healing. It is a treatment fre-
quently used with the intention to facilitate return 
to play in football for a wide range of injuries, 
having therapeutic properties capable of reducing 
inflammation and optimizing formation of 
healthy repair tissue [26].
The initial step in isolating PRP is autologous 
venous blood extraction, using any one of a num-
ber of commercially available systems (Fig. 23.1). 
This blood subsequently undergoes a centrifuga-
tion process to isolate PRP. When injected at a site 
of tissue injury, platelets within the PRP are acti-
vated by endogenous thrombin and/or intra- 
articular collagen. To obtain a PRP gel preparation 
prior to clinical application, platelets are activated 
by calcium chloride or thrombin. A procoagulant 
enzyme such as batroxobin may also be used for 
PRP activation, which acts as a fibrinogen- 
cleaving enzyme, inducing rapid fibrin clot for-
mation. Depending on the particular method of 
preparation, PRP can be categorized as leucocyte-
poor PRP, leucocyte-rich PRP, or platelet-poor 
plasma [23]. Preparations of PRP vary, depending 
on the system used to process the autologous 
blood, so there continues to be difficulty in stan-
dardizing research methods and treatment proto-
cols. Preparations of PRP that are rich in the 
bioactive factors IGF-1, TGF-β, and PDGF are 
often used, as these elements have been shown to 
be particularly effective at enhancing healing pro-
cesses, according to in vitro studies.
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23.3  Mesenchymal Stem Cells: 
Cellular Biology and Healing 
Stimulation
There is currently an increasing interest in treat-
ment of musculoskeletal injury with regenerative 
cellular therapy. Mesenchymal stem cells have 
factored prominently in these therapies, and have 
been researched extensively with in vitro models, 
and in protocols involving animals and human 
subjects. These multipotent MSCs can be iso-
lated from a variety of tissues that include bone 
marrow, adipose tissue, synovium, and perios-
teum. A number of therapeutic protocols using 
MSCs sourced from bone marrow aspirate or 
adipose tissue have been developed, and there is 
optimism for wide ranging clinical applications 
of these therapies to treat various conditions by 
enhancing regenerative potential and healing 
processes.
Advances in cellular biology have demon-
strated that MSCs are derived from pericytes, 
which are cells found in close association with 
blood vessels [10, 16, 20]. These pericytes exist 
in a state of quiescence within the perivascular 
niche [15]. Pericytes become activated and 
develop an MSC phenotype at times of physical 
injury, when damage to blood vessels initiates a 
process of activation and differentiation. Once 
activated, MSCs release a number of anti- 
inflammatory and trophic factors. These bioac-
tive elements act to counter overactive immune 
responses and to establish a microenvironment 
that is favorable to regenerative processes [32]. 
There is stimulation of angiogenesis and prolif-
eration of tissue-specific progenitor cells, with 
concurrent inhibition of apoptosis and a reduc-
tion in scar tissue formation [11, 32].
The potential for MSCs to differentiate into a 
variety of cell types and to repopulate cellular clus-
a b
c d
Fig. 23.1 Platelet-rich 
plasma (PRP) isolation 
and injection treatment. 
(a) Autologous venous 
blood extraction, (b) 
centrifugation in a 
commercially available 
system, (c) separation of 
PRP from venous blood, 
(d) intra-articular knee 
injection of PRP
Fact Box 1
• Bioactive growth factors coordinate and 
direct cellular processes that are neces-
sary for tissue repair.
• Platelet-rich plasma (PRP) contains 
numerous bioactive proteins that can 
augment natural healing cascades after 
tissue injury.
• Constituents of PRP preparations vary, 
depending on the processing system used.
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ters of damaged tissue was the initial focus of clini-
cal applications for such cells [6, 7, 24, 30, 39]. 
Further examination of cellular biology and physi-
ology, based on more recent in vivo models, has 
highlighted the paracrine and trophic actions of 
these cells in the regulation of healing processes [9, 
10]. MSCs have the capacity to release a plethora 
of cytokines and growth factors into the surround-
ing microenvironment of damaged tissue, with the 
potential to affect all biomolecular cascades 
responsible for tissue healing and regeneration [11, 
22]. The treatment of ligamentous injury to the 
knee, including that of the ACL, with cellular thera-
pies is an attractive option, given the potential to 
enhance the native biologic healing processes. 
Considering the similarities that have been identi-
fied between ACL outgrowth cells and MSCs, there 
is potential for these  multipotent cells to augment 
healing of this ligament, as well as others.
In clinical practice, concentrated forms of 
MSCs have been primarily sourced from autolo-
gous bone marrow aspirate in recent years for use 
in a variety of treatments for musculoskeletal 
injury. Concentrations of these multipotent cells 
can be highly variable, depending on the tissue 
used to source these cells, as well as the system 
used to concentrate this isolate. With regard to 
bone marrow aspirate, 0.01–0.0001% of nucle-
ated cells are characterized as MSCs, and the 
final isolate concentration of desired multipotent 
cells may be affected by aging [8, 12].
Mesenchymal stem cells can be isolated in 
abundance from autologous adipose tissue, which 
contains a consistently vascularized structure. 
Moreover, the impact of age-related variation in 
concentrations of the desired cellular elements 
may be of less concern in processed adipose tis-
sue, as opposed to bone marrow (Fig. 23.2).
Injections of adipose-derived stem cells (ASCs) 
in a rabbit model have been demonstrated to have 
positive effects on cartilage repair processes in 
cases of osteoarthritic lesions [58, 59]. Furthermore, 
injection of ASCs resulted in a reduction in osteo-
phyte formation and cartilage ossification. These 
findings are consistent with experiments in a sheep 
model that demonstrated chondrogenic properties 
of ASCs and MSCs sourced from bone marrow in 
cases of osteoarthritis [60]. Treatment of osteoar-
thritic lesions in the elbow and hip joints of dogs by 
injection of ASCs has also demonstrated encourag-
ing beneficial effects [3, 4].
Studies on human subjects have demonstrated 
clinical improvements in cases of knee osteoarthri-
tis treated with intra-articular ASC injection, using 
adipose tissue sourced from the infrapatellar fat 
pad [37]. Improved stability of knee articular car-
tilage has also been demonstrated after ASC ther-
apy when examined by second-look arthroscopy 
[38]. Positive effects on human chondrocyte pro-
liferation, organization, and cartilage matrix depo-
sition have been demonstrated with the use of 
ASCs sourced from abdominal lipoaspirate [5].
a b c
Fig. 23.2 Extraction of autologous adipose tissue and 
processing of lipoaspirate using the Lipogems® system 
(Lipogems International SpA, Milan, Italy) to isolate 
adipose- derived mesenchymal stem cells for intra- 
articular injection. (a) Lipoaspiration of abdominal adi-
pose tissue, (b) Lipogems® processing system containing 
stainless steel balls for emulsification of autologous 
lipoaspirate, (c) three 10 cm3 syringes containing micro-
fragmented adipose tissue containing concentrated 
adipose- derived mesenchymal stem cells
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23.4  Orthobiologic Augmentation 
of Ligamentous Healing 
and Ligament Repair
The progression of healing in response to injury 
of the ACL has been studied using a number of 
models [41, 42, 47, 48, 49]. After acute rupture of 
this ligament, there is rapid degeneration of the 
tissue that is associated with collagenase activity 
and a decrease in collagen content [41]. This is in 
contrast to other ligaments such as the medial 
collateral ligament (MCL), which has a signifi-
cantly greater potential of healing through 
increased proliferative and migratory capacity of 
the reparative cells [47, 48]. The healing response 
of the ACL is reduced in comparison to other 
ligaments due to a number of factors, including a 
deficiency of fibrin clot formation at the site of 
injury, which leaves the ligamentous fibers dis-
connected, interfering with cellular migration 
and tissue reformation [50]. Circulating plasmin 
within the joint breaks down fibrin clot, and 
synovial fluid has been associated with inhibition 
of fibroblast proliferation and migration, further 
reducing healing potential of the ACL [51, 52].
Although previously attempted surgical treat-
ments to primarily repair the injured ACL were 
abandoned due to poor outcomes and low rates of 
return to play, more recent investigations have 
demonstrated that primary suture repair to reap-
pose the injured ligamentous fibers, augmented 
with orthobiologic factors such as PRP and bone 
marrow-derived MSCs, can lead to successful 
clinical outcomes, with high rates of return to play 
[31, 33, 34, 53, 54]. Advantages of primary repair 
with biologic augmentation may be substantial, 
given the greater potential to preserve native anat-
omy, proprioception, and joint kinematics.
Growth factors that include TGF-β, FGF2, 
and bFGF have been shown to regulate cellular 
proliferation, extracellular matrix deposition, and 
differentiation of precursor cells into fibroblasts 
in the setting of ligament injury [21, 36, 42, 46, 
64]. The growth factor TGF-β1 has been shown 
to upregulate collagen synthesis in fibroblasts 
within both the ACL and MCL [43], and overex-
pression of FGF-2 has been associated with 
enhanced healing of human ACL [42]. Properly 
applied in the clinical setting, these growth fac-
tors are of particular interest in augmentation of 
healing processes that may accelerate return to 
play in a variety of clinical scenarios, ranging 
from acute ligament injury to the slowing of 
chronic degenerative joint changes.
Platelet-rich plasma is known to contain many 
of these bioactive substances that are capable of 
influencing all stages of the healing process after 
injury, by modulating inflammatory responses and 
directing remodeling of reparative tissue [19, 44]. 
Intraligamentous application of platelet- derived 
growth factors into the intact ACL bundle in cases 
of partial ACL injury has been shown to lead to a 
high rate of return to sport in a cohort of profes-
sional soccer players [57]. In this study by Seijas 
et al. [57], 18 of 19 players had returned to play at 
16 weeks after treatment. Podesta et al. [55] inves-
tigated the use of PRP to treat partial ulnar collat-
eral ligament tears of the elbow in athletes and 
demonstrated return to play in 88% of those treated 
at an average of 70 weeks after injection [55].
Prospective case series have demonstrated 
that partial ACL tears can be successfully treated 
with primary suture repair in conjunction with 
injection of growth factors in the form of acti-
vated PRP, leading to high rates of return to play 
[25, 27]. After 5 years of follow-up, this treat-
ment effectively restored knee stability and high 
demand function in a group of 50 young athletes 
with a mean age of 28.3 years who had presented 
with acute partial ACL injury. This surgical tech-
nique consisted of arthroscopic suturing of the 
torn ligamentous fibers to approximate the proxi-
mal and distal stumps using No. 1 polydioxanone 
(PDS). A microfracture awl was subsequently 
used to release marrow elements about the ana-
tomic femoral insertion of the ACL within the 
intercondylar notch. Approximately 3 cm3 of 
PRP was then activated using batroxobin enzyme 
(Plateltex® act-S.R.O., Bratislava, SK) to create a 
clot of PRP gel, which was injected about the 
repair site. This technique has recently been 
modified, and the use of activated bone marrow 
aspirate concentrate is now preferred, which is 
injected about the sutured ligament repair. 
Second-look arthroscopy was performed in six 
patients in this series, consistently demonstrating 
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healthy appearing, healed ACL fibers that were 
stable to probing.
Injury to articular cartilage of the knee may 
lead to significant functional limitation in 
sports, and orthobiologics are an important 
component of the treatment algorithm at our 
institution in order to encourage the restoration 
of hyaline-like cartilage, with the goal of maxi-
mizing rates of return to play. The current 
approach is to use a hyaluronic acid-based scaf-
fold matrix (Hyalofast, Anika Therapeutics, 
Italy) embedded with activated bone marrow 
aspirate concentrate, to create a graft termed 
HA-BMAC that is used to treat cartilage lesions 
in the knee of wide ranging size and severity 
(Fig. 23.3). A prospective trial examining the 
outcomes of HA-BMAC cartilage repair com-
pared to microfracture demonstrated superior 
clinical outcomes at 5-year follow-up after 
treatment with HA-BMAC and also superior 
rates of return to pre-injury activity levels com-
pared to microfracture. It has also been demon-
strated that this orthobiologic therapy of 
cartilage repair using HA-BMAC may be used 
successfully in patients, irrespective of age 
being younger or older than 45 years [28, 29]. 
Cartilage repair using this technique may be 
performed arthroscopically in appropriately 
indicated lesions and also in conjunction with 
bony inlay in cases of osteochondral injury to 
restore the osteochondral unit by method of 




Fig. 23.3 Cartilage repair procedure of the knee using 
hyaluronic acid-based scaffold embedded with bone mar-
row aspirate concentrate (HA-BMAC). (a) Bone marrow 
aspiration from iliac crest, (b) clot-activated bone marrow 
aspirate concentrate, (c) activated bone marrow aspirate 
concentrate applied to Hyalofast scaffold (Anika 
Therapeutics, Italy) to create HA-BMAC graft, (d) appli-
cation of HA-BMAC graft to cartilage lesion of medial 
femoral condyle of a human knee
Fact Box 2
• Primary repair of partial tears of the 
anterior cruciate ligament augmented by 
platelet-rich plasma application has 
been shown to restore knee stability and 
enable return to play.
• Cell-based cartilage repair using mesen-
chymal stem cells sourced from bone 
marrow aspirate concentrate that are 
embedded onto hyaluronic acid-based 
scaffold (HA-BMAC) has been shown 
to provide successful clinical outcomes 
after medium-term follow-up of at least 
5 years.
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23.5  Future Advances in 
Orthobiologics
There are limitations of current surgical methods 
used to reconstruct or repair damaged tendons and 
ligaments, as recreation of normal pre-injury anat-
omy is often difficult. Engineered tissues contain-
ing a variety of scaffolds, cells, and bioactive 
factors continue to be developed, with the goal of 
improving the clinical outcomes of these proce-
dures. Scaffolds have been the focus of much 
attention in the field of tissue engineering, as 
mechanical support for healing tissues may assist 
deposition of native matrix by endogenous cells. 
These matrices have the capacity to improve tendi-
nous and ligamentous healing by enhancing cel-
lular proliferation and migration, matrix 
deposition, and remodeling of extracellular matrix 
into functional tissue [61]. Scaffolds can be modi-
fied to provide an environment for improved 
growth factor attachment, cellular hybridization, 
and cellular remodeling [41]. When combined 
with scaffolding, biologic isolates such as PRP 
and MSCs have promising potential to facilitate 
improved healing after injury. In cases of ACL 
injury specifically, scaffolding can provide a 
sequestered microenvironment to protect the 
repair site from plasmin, potentiating the effects of 
growth factors and concentrated precursor cells. In 
vitro research examining collagen hydrogel in 
association with PRP has demonstrated enhanced 
ACL cell viability, metabolic activity, and collagen 
synthesis [17]. In a porcine model, sutured ACL 
repair supplemented with application of a colla-
gen-platelet composite resulted in superior 
mechanical properties of the healed ACL [50]. 
The clinical application of these techniques using 
orthobiologics in combination with scaffolding or 
matrices has been relatively limited due to the lack 
thus far of data analyzed from human subjects, and 
much is needed in terms of randomized controlled 
trials to thoroughly elucidate the expected benefits 
of many of these newly available technologies.
Take Home Message
There is a wide variety of bioactive factors and 
scaffolding materials that can be used to treat an 
array of injuries to facilitate and accelerate return 
to play. Injection of orthobiologic treatments 
such as platelet-rich plasma and concentrated 
isolates of mesenchymal stem cells are becoming 
more widely offered as a therapeutic option for a 
range of conditions. These treatments contain 
cellular elements, bioactive proteins, and trophic 
growth factors that play key regulatory roles in 
cellular biology and tissue repair. As technology 
advances, composite materials of supportive 
scaffolds and bioactive factors will likely advance 
treatment options for a wide range of soft tissue 
injuries, enabling more precise recreation of 
injured anatomic structures and restoration of 
pre-injury musculoskeletal kinematics, leading to 
greater rates of return to play at all levels of 
competition.
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Abbreviations
ACDF Anterior cervical decompression and 
fusion
ALIF Anterior lumbar interbody fusion
DDD Degenerative disc disease
DH Disc hernia
CDH Cervical disc herniation
CT Computed tomography
CTO Cervicothoracic orthosis
FJS Facet joint syndrome
HIZ High intensity zones
LLIF Lateral lumbar interbody fusion
LBP Low back pain
LDH Lumbar disc hernia
MRI Magnetic resonance tomography
RTP Return to play
ROM Range of motion
SPECT Single photon emission computed 
tomography
SCI Spinal cord injury
SCC Spinal cord concussion
SCN Spinal cord neurapraxia
TDR Total disc replacement
TLIF Transforaminal lumbar interbody fusion
24.1  The Cervical Spine
24.1.1  Cervical Strains and Sprains
Soft tissue injuries in the cervical spine gener-
ally include a ligamentum sprain or muscle strain 
in the supportive structures of the cervical spine. 
The injuries are often of mild character and with 
short duration. There is no information regarding 
the prevalence or incidence reported in the 
literature.
One critical issue is to evaluate if the athlete’s 
cervical spine is unstable after an injury due to liga-
ment or disc disruption. This is especially difficult 
in young athletes where ligament laxity is more 
common as a normal variant. Therefore a complete 
and thorough clinical examination is important. If 
there is a suspicion of instability, magnetic reso-
nance tomography (MRI) is the most sensitive 
method to diagnose ligament injuries. Also flexion 
and extension plain X-ray can be a diagnostic 
option.
24.1.2  Treatment
The usual treatment is refraining from sports, 
pain killers and physiotherapy. Return to play 
is recommended when the athlete is pain-free 
and has a normal range of motion. In case of 
instability, confirmed by MRI or flexion/exten-
sion X-ray, the athlete should be treated with 
hard cervical collar during 6–10 weeks, 
depending on the severity of the injury and the 
athlete’s age. After the immobilization the ath-
lete should be treated with physiotherapy and 
return to play with recommendation as men-
tioned above, according to the described four 
general criteria.
Fact Box 1
Strains and sprains cause injuries to the 
ligaments and muscles.
There is a lack of prevalence of soft tis-
sue injuries of cervical spine. In case of 
suspicion of instability, clinical examina-
tion and radiological investigation are 
mandatory.
The treatment is conservative. Return to 
play is recommended if the athlete is pain- 




24.2  Cervical Disc Herniation
The prevalence for cervical disc degeneration in 
football is not clear. A few studies have shown 
that the incidence of disc degeneration is increased 
in sports such as diving, rugby and wrestling.
Cervical disc herniation (CDH) accounts for 
6% of spinal injuries and is responsible for a 
median of 69 days missed per incident (Fig. 24.1a).
Natural history and pathology of cervical disc 
herniation are well known in the general popula-
tion, but however this is not well known in elite 
athletes. The most prevalent level of disc pathol-
ogy in general population is in the lower levels, 
C5–C7, but in athletes with contact sports as 
American football, the upper cervical spine, C2–
C4, is the most frequent level. The athletes are of 
a younger age and CDH is associated with sports- 
related trauma in 82% [5].
24.2.1  Treatment
Treatment of CDH is conservative with pain-
killers and physiotherapy. In patients who 
are not healed conservatively, surgery is 
required. Anterior cervical decompression 
and fusion (ACDF) has the best evidence and 
is “golden standard” for disc hernia surgery 
(Fig. 24.1b).
Fact Box 2
The prevalence of CDH is not known.
The most affected levels are C5–C7.
Initial treatment is conservative.
ACDF is golden standard for surgical 
treatment of CDH.
Fact Box 3
Recommendations for RTP are based on 
case series and expert opinions.
RTP is possible when the athlete meets 
the general recommendations.
Seventy-six percent of athletes RTP in 
3–12 months.
a b
Fig. 24.1 (a) 31-year- old male with DH at C5–C6 level on the left side on MRI, T2 image. (b) 31-year-old male treated 
with ACDF at C5–C6 level. The disc bulging on C6–C7 is central and not symptomatic
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24.2.2  Return to Play
There are at present no studies on football play-
ers with cervical disc herniation who describe 
return to sporting activity. The recommenda-
tions are based on studies of other sports. 
Standard criteria for return to play after spinal 
surgery do not exist, especially for the football 
player. Therefore, the decision to clear an ath-
lete to return to play after cervical spine surgery 
still remains controversial [6]. Previous studies 
have published guidelines for return to play 
after spine surgery, but their conclusions are 
obtained largely from case series, expert opin-
ions and experience, rather than scientific evi-
dence. Most authors agree that athletes who 
return to contact sports after spinal surgery 
should be asymptomatic and have stable spine 
with normal neurological function and range of 
motion. There must also be adequate space for 
the neural elements and adequate space for the 
spinal cord and nerve roots.
Return to sports requires stability of the neck, 
especially in collision and high-velocity sports. 
Success for return to competitive sports is well 
described after single-level ACDF due to disc 
herniation, but outcomes involving other cervical 
spinal diagnoses and surgical procedures, such as 
total disc replacement, still remain unclear. The 
time to return to the same activity level as 
pre- injury is not established in the literature for 
football players, but there are some studies on 
other sports that the players return to the same 
activity level between 3 and 12 months. Segall 
2014 reported on recreational football players 
(n = 14) with cervical disc herniation that 76% of 
the players returned to play after approximately 
3–12 months.
There are some recommendations in the liter-
ature regarding contraindications for returning to 
football play (Table 24.1).
24.3  Paresthesia
Paresthesia or stingers or burners are common in 
30–50% of the American football players, but the 
incidence in football players is however not clear. 
They affect one arm and the injury is to the nerve 
root or the brachial plexus. The injury mecha-
nism is contusion of the shoulder causing 
impingement of the nerve root or traction of the 
brachial plexus due to extension and lateral flex-
ion of the neck. The symptoms are pain, burning 
and tingling down an arm and with or without 
transient weakness that lasts for seconds or min-
utes. The players are advised to return to play as 
soon as the symptoms have settled down. Multiple 
episodes require further investigation and in rare 
cases surgery.
Table 24.1 There are some recommendations in the literature regarding contraindications for returning to football play
Contraindications for returning to soccer play
Relative ACDF in more than 2–3 
levels disc levels
ACDF on C2–C3 or 
C3–C4 levels
Subluxation without a 
safe stability of the 
neck
Absolute Myelopathy or 
radiculopathy
Painful stiff neck or 
malposition of the 
neck





Stingers or burners are common in contact 
sports.
Occurs due to contusion of the nerve 
root or brachial plexus.
The symptoms last for seconds or 
minutes.





The nonoperative, nonsurgical treatment is 
symptomatic and supportive physiotherapy. 
Surgical treatment may be required if multiple 
episodes of cervical spine trauma, persistent 
radiculopathy signs or motor deficit. The surgi-
cal options are foraminotomy or ADCF at the 
affected level.
24.4  Cervical Spinal Cord 
Neurapraxia
Spinal cord neurapraxia or concussion (SCN/
SCC) is a transient neurological deficit in more 
than one limb that may occur in association with 
sports. Tarvi et al. found in American football 
players an incidence of transitory paresis and 
paresthesias of 1.3 per 10,000 participants, and 
the incidence of numbness and tingling was 6.0 
per 10,000 participants. The pathophysiology of 
SCC combines submaximal elastic stretching of 
the spinal cord, transient abnormality of mem-
brane permeability and an influx of calcium with-
out anatomic disruption that allow a complete 
recovery of neurological function. SCC is com-
mon in more than 80% of American football 
players, but athletes in other sports, such as 
rugby, ice hockey, basketball and soccer, are also 
at a risk. SCC can occur in athletes who have ste-
nosis of the cervical spinal column, age-related 
degenerative changes, disc herniation or congeni-
tal abnormalities. In adults the injury is strongly 
related to cervical central canal stenosis (93%), 
while in children or in adolescents, it is related to 
hypermobility.
The injury mechanism is hyperextension, 
hyperflexion or axial load to the cervical spine. 
Repeated episodes of neurapraxia in adult athletes 
are common in 56%. The risk of recurrence is 
inversely related to central canal size.
The symptoms last between 15 min and 48 h 
and are completely reversed. The symptoms are 
typically burning pain, tingling, numbness and 
loss of sensation and may also include motor 
weakness and complete paralysis.
The investigation is done with the clinical 
examination, MRI and sometimes dynamic MRI, 
flexion-extension X-ray and CT if fracture is sus-
pected [7].
24.4.1  Treatment and Returning 
to Sports
The treatment of SCC is conservative. 
However, there is still controversy whether the 
athlete should return to play or not. Some 
authors recommend that patients with SCC 
with central cervical stenosis can return to 
contact sports, where others advise from 
returning to sports due to the high risk of spi-
nal cord injury [8].
If the radiological investigations do not show 
evidence of spinal cord injury, bony or ligament 
injuries—including no central spinal stenosis—
then return to sports is safely advised. If the 
athlete has a recurrent episode of neurapraxia, 
further investigation is required and the recom-
mendations may be not to engage further in ath-
letic activity through contact or collision sports.
Fact Box 6
Surgical treatment is with ACDF or poste-
rior fixation and fusion including laminec-
tomy. RTP is not possible in the majority of 
cases.
Completely recovered athletes who 
meet the general criteria can return to their 
previous sports.
Fact Box 5
The symptoms are burning pain, tingling, 
numbness or loss of sensation, motor weak-
ness and paralysis.
Investigation is clinically, with X-ray, 
CT and MRI.
Treatment is conservative.
RTP is possible when the athlete meets 
the general criteria.
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24.5  Spinal Cord Injury
Spinal cord injury (SCI) is a rare but cata-
strophic injury for the athlete when it occurs. 
SCI occurs in athletes in contact sports due to 
central canal stenosis in adult athletes and due 
to hypermobility in adolescent athletes. The 
incidence and prevalence are not known. 
Athletes who develop SCI have a duration of 
symptoms more than 24 h [7–9].
24.5.1  Diagnosis and Treatment
Investigation of athletes with SCI is done with 
CT and MRI. To prevent permanent spinal cord 
injury, athletes with subluxation should be put in 
traction as soon as possible.
Treatment of SCI is early surgery with 
decompression and fusion. The procedure can 
be performed anteriorly, such as ACDF, or pos-
teriorly due to the pathology. If MRI verifies 
medullar compression, surgical treatment is rec-
ommended as soon as possible. There are no 
specific studies on the timing of surgery, but 
several studies published in the past years rec-
ommend surgery as soon as possible. Van 
Middendorp et al. have found in a systematic 
review including 18 studies that early surgery 
was significantly associated with high motor 
function recovery [10].
24.5.2  Returning to Football
Regarding return to sports of athletes with SCI 
injury, recommendations in the literature are not 
found. Recommendations are based on experience, 
such as if the athlete’s neurological deficits are com-
pletely recovered and with a stable neck fixation, 
then the athlete can return to his/her previous sport. 
Nonetheless, it should be noted that this is just a 
recommendation without any scientific evidence.
24.6  Fractures of the Cervical 
Spine
24.6.1  Aetiology and Injury 
Mechanism
Injuries to the cervical spine, causing fractures, are 
usually caused by diving, road accidents and 
sports. The cervical spine of children, especially 
<10 years, is sensitive for injuries due to the liga-
ments’ laxity. Brown et al. [11] reported in a study 
of cervical spine injuries in children that 27% were 
due to sports. American football injuries accounted 
for 29% of all sports-related cervical spine inju-
ries. There are no studies reporting the specific 
incidence or prevalence of cervical spine injuries 
in athletes and especially in football players.
The classification of cervical spine fractures is 
according to AOSpine classification system, described 
by Vaccaro et al. [12]. Cervical spine fractures can be 
divided to the upper cervical spine (occiput to C2) and 
the lower cervical spine (C3–C7) due to the different 
injury mechanism and management.
24.6.1.1  Atlanto Occipital Luxation
Atlanto occipital luxation is rare injury. Eight 
percent of all of these injuries lead to mortality. 
These injuries account for 1–3% of all cervical 
fractures. The diagnosis is very difficult because 
it is a ligamentous injury. The treatment is poste-
rior fixation and fusion of the occiput with C2.
24.6.1.2  Occipital Condyle Fractures
Occipital condyle fractures are also very unusual 
and are associated always with skull fractures. 
The treatment is usually with hard collar or severe 
cases with fracture dislocation with halo-vest.
Fact Box 8
SCC is a transient neurological deficit in 
more than one limb.
It’s caused by hyperextension, hyper-
flexion or axial load to the C-spine.
The symptoms last 15 min to 48 h.
Fact Box 7
SCI is a catastrophic injury.
In young athletes it is due to hypermo-
bility and in adult athletes due to spinal 
canal stenosis.





C1 fractures are caused by axial load. The fre-
quency in athletes is not known. The treatment is 
with stiff collar or cervicothoracic orthosis (CTO) 
or, in dislocated cases, with halo-vest. They can 
also be treated with transfacetal C1–C2 screw 
fixation.
C2 Fractures
The prevalence of dens fractures in athletes is not 
known. The treatment depends on the severity of 
the fracture. If the fracture is not dislocated, it 
can be treated with a stiff collar. Dislocated frac-
tures can be treated with halo-vest, anterior screw 
fixation and posterior screw or hook fixation of 
C1–C2.
C2 Hangman Fractures
Hangman fractures of C2 are caused by hyper-
flexion injuries. The treatment is due to the sever-
ity of the fracture. Non-dislocated fractures can 
be treated with a hard collar and dislocated frac-
tures with halo-vest and posterior screw fixation 
of C1–C2 or C1–C3.
C3–C7 Fractures
Fractures of the lower cervical spine are classified 
according AOSpine and are divided in type A 
(compression injuries), type B (flexion/extension 
and distraction injuries) and type C (rotation inju-
ries) [12]. Luxation in the facet joints with or 
without fractures is very common. The injury 
mechanism is flexion with rotation (Fig. 24.2a, b).
a
b
Fig. 24.2 (a) 32-year-old elite football player that had a head collision with another player and got fracture luxation 
C6–7. (a) CT shows slit dislocation of C6. (b) CT shows fracture unilateral fracture with luxation. (c) MRI shows dis-
ruption of the posterior annulus fibrosis on the C6–C7 disc with slit protrusion of disc material. (b) Postoperative pic-
tures of the player (a) treated surgically with ACDF




Treatment of low cervical fractures depends on the 
severity and grade of dislocation. In case with facet 
joint luxation, reposition in traction is mandatory 
until the fracture is treated surgically either with 
halo-vest, ACDF or posterior fixation and fusion. 
Decompression is always mandatory in these cases. 
In athletes who are supposed to return to their sports, 
halo-vest is not recommended as a treatment option. 
In athletes who are supposed to RTP, stable fixation 
either with  anterior or posterior fixation is manda-
tory. Anterior surgery is to prefer. In severe cases 
with luxation of the whole C-spine with spinal cord 
injury, anterior and posterior fixation is mandatory.
24.6.3  Return to Play
There are no specific guidelines regarding return-
ing to play after C-fracture injuries in football 
players. The recommendation is the same as pre-
viously described for other cervical spinal inju-
ries. Detailed indications and contraindications 
regarding RTP after cervical fractures treated 
with surgery are found in Table 24.1.
24.7  The Thoracolumbar Spine
24.7.1  The Thoracic Spine
There are no reported guidelines for return to play 
after injuries to the thoracic spine in contrast to the 
cervical and lumbar spine. Injuries to the thoracic 
spine are much less common due to its relative 
immobility compared to other spinal regions and the 
protection provided by the rib cage. Symptomatic 
disc hernia and spinal stenosis are less common in 
athletes in the thoracic spine due to the large spinal 
canal diameter. Athletes with pathology in the tho-
racic spine can return to play when they met the gen-
eral criteria after conservative or surgical treatment.
24.8  The Lumbar Spine
24.8.1  Low Back Pain
The human disc is a very complex structure that 
undergoes extensive degenerative changes with 
age. The proteoglycan content of the nucleus 
pulposus decreases, proteoglycan aggregation 
decreases and proteoglycans become smaller 
[13]. This loss of proteoglycans in the nucleus is 
associated with degenerative changes in the disc 
[14–16]. This is assumed to lead to a reduction in 
the ability of the nucleus to remain hydrated. 
Dehydration of the disc increases and the disc 
becomes stiffer, less elastic and less able to 
accommodate a normal range of movements.
The lumbar spine of athletes usually performs 
demanding and extreme tasks without problems. 
But the poor condition puts the athlete at great 
risk for back injury and pain.
One of the most common reasons for missed 
playing time by professional athletes is pain and 
dysfunction of the lumbar spine. Studies have 
also reported that LBP in many cases was 
 significant enough to interfere with training and 
competition [1].
Fact Box 11
Injuries and pathologies in the thoracic 
spine are rare in athletes.
There are no guidelines for return to 
sports after injuries in the thoracic spine.
Fact Box 10
The lifetime prevalence of LBP in athletes 
is 1–94%.
In football players the prevalence is 36%.
Treatment of LBP is conservative.
Fact Box 9
Fractures of the C-spine are not common 
among football players.
Fractures of the upper cervical spine 
from occiput to C2 are rare.
Fractures of the lower C-spine are more 
common in athletes.
The treatment is with collar or surgery, 
due to the severity of the fracture.






The epidemiology is multifactorial, and there are 
several risk factors such as obesity, age, previous 
LBP, trauma, heavy loads, depression, smoking, 
physical inactivity, sports with heavy loads on the 
spine and dissatisfaction with job [17–22]. In the 
past few years, heredity has been suggested to 
play a dominant role in explaining the variability 
in disc degeneration. Several of the anatomical 
structures in the back can cause LBP, such as the 
discs, the facet joints, muscles and soft tissue. In 
the last decades, degenerative disc disease (DDD) 
has been one of the main reasons for chronic LBP 
[22, 23]. Segmental disc degeneration or instabil-
ity without olisthesis can cause chronic LBP, and 
the pain is thought to be discogenic due to 
DDD. Several studies have shown higher frequen-
cies (up to 65%) of intervertebral disc degenera-
tion among young athletes in sports imposing 
heavy demands on the back, when compared with 
other athletes and nonathletes [18, 24]. Baranto 
et al. found that disc degeneration in young divers 
could be related to acute spinal injuries occurring 
during the pubertal growth spurt early in the ath-
letic career [25]. The results of this and previous 
studies suggest that degenerative changes are 
common among young elite athletes and that 
trauma to the thoracolumbar spine during the 
growth spurt is harmful [24, 26–28].
When the disc is degenerated, this affects the 
facet joints, and this initiates degeneration due to 
the altered loads. Arthrosis starts in the facet 
joints, and this changes the biomechanics and also 
the orientation (of facets?), known as tropism. 
During the last decades, there is some evidence 
that high intensity zones (HIZ) and inflammatory 
reactions in the endplates, so-called Modic 
changes, seen on MRI can cause chronic LBP.
24.8.3  Prevalence
Several studies have reported prevalence of LBP 
in athletes from 1% to 90%, which is influenced 
by the type of sports, gender, training intensity, 
frequency and technique [4, 25, 29, 30]. There are 
unfortunately no studies on the prevalence or inci-
dence of LBP in football players, but there are sev-
eral studies reporting in other sports. The lifetime 
prevalence of LBP in wrestlers has been reported 
to 59%, significantly higher than that of an age-
matched control group (31%). A significantly 
higher frequency of LBP has also been reported in 
elite gymnasts (79%) than in controls (37%) [31]. 
In a prospective study of 134 former top athletes 
with mean age 33.2 years, it was found that wres-
tlers had the highest frequency of severe LBP 
(54%) as compared to tennis players (32%), foot-
ball players (36%), gymnasts (29%) and nonath-
letes (32%) [21]. LBP has also been reported to be 
more frequent among cross- country skiers (63%) 
and rowers (55%) than orienteerers (49%) and a 
control group of nonathletes (47%) [32].
24.9  Muscle, Ligament or Tendon 
Injuries in the Low Back
Muscle strains and sprains are reported in the lit-
erature to be a common cause of acute LBP in 
athletes, but the exact prevalence is not com-
pletely known. In a study of muscle-tendon strain 
as a cause of LBP in young athletes and the gen-
eral adult population, it was found that only 6% 
of the adolescent athletes were diagnosed with 
muscle-tendon strain compared with 27% of the 
adults [33, 34].
Muscle damage causes strain with the loss of 
fibres within the muscle belly or myotendinous 
junction. This is usually associated with painful 
muscular spasm. Sprains, on the other hand, 
involve damage to spinal ligaments.
24.9.1  Diagnosis
Both muscle strains and ligamentous sprains can 
usually not be diagnosed with radiographic 
examination, and the diagnosis is therefore made 
by anamnesis and clinical examination. Moderate 
and severe muscle injuries can be detected with 
MRI or ultrasound.
24.9.2  Treatment
The athletes with LBP complaints can 
resolve within a few weeks. The treatment 
is conservative with analgetics (anti-inflamma-
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tory medication, NSAID), absence from sports 
and physiotherapy. When tolerated, the player 
can progressively return to sporting activities. 
Pain should be used as a guide for advancing 
activity levels, and the general criteria should 
be met before athletes can return to 
competition.
24.10  Acute Low Back Pain
Acute lumbago or acute LBP is pain in the lower 
back with a duration of <6 weeks. Acute LBP is 
one of the most common reasons for patients vis-
iting primary health care. More than 80% of the 
adult population will have back pain during their 
lifetime, but despite this the specific cause is not 
always completely known.
The 1-year incidence of first episode of LBP 
is 6.3–15.5%, while the 1-year incidence of 
second episode of acute LBP is between 1.5% 
and 36% [35]. Several studies have reported 
LBP prevalence of 20–30%, 1-year prevalence 
of 65% and lifetime prevalence of 84% the 
adult population [36]. The highest age for suf-
fering of acute LBP is between 45 and 65 years 
of age. LBP is more common in athletes, and 
several studies have shown a lifetime preva-
lence up to 91%. The exact prevalence and inci-
dence in football players are not completely 
known. LBP is the third most common injury in 
football, and some studies have reported a 36% 
prevalence, with a prevalence of 14% in young 
players [25, 37].
24.10.1  Symptoms
Acute LBP starts in situations where the lower 
back is in poor muscular defence such as in lifting, 
coughing/sneezing or sudden movements. The 
most pathological movement is flexion with rota-
tion. The patient has some stiffness, loss of motion, 
spasms of the paravertebral musculature and anal-
getic scoliosis. Sometimes the pain can radiate to 
the buttocks or to proximal thigs and groins.
24.10.2  Diagnosis
The diagnosis is made by clinical examination 
with inspection, range of motion of the spine and 
also complete neurological status of the lower 
extremities.
24.10.3  Radiology
Radiological investigation is not necessary in the 
first month. In athletes with a pain duration more 
than 3–4 weeks or if they have radiating pain, 
radiological investigation is mandatory. The 
radiological investigation should be earlier than 
in the general population. The athletes are at 
higher risks of spinal injuries, and they are also 
body dependent to be able to continue train and 
compete. Therefore, they have to be checked and 
also treated as soon as possible in order to safely 
shorten the time to return to play.
Fact Box 13
The symptoms are stiffness, loss of motion, 
spasm of spinal muscles and analgesic 
scoliosis.
Radiological examination is mandatory 
if the athlete’s pain lasts more than 1 month.
The treatment is conservative with phys-
iotherapy and pain killers.
Ninety percent of the athletes are pain- 
free within 3 months.
RTP is allowed when the athlete meets 
the general criteria.
Fact Box 12
The risk factors are obesity, age, trauma, 
heavy loads, depression, smoking, physical 
activity and sports.
Heredity is a dominant risk factor.
LBP can be caused by injury or pathol-
ogy to the disc, facet joints, muscles and 
soft tissue.






The treatment of LBP is conservative with pain 
killers and physiotherapy. It’s important to reha-
bilitate the athletes as soon as possible to shorten 
the absence from training and competition. 
There should be no restrictions in daily living or 
exercise movements. In the beginning when the 
athletes have severe pain, they should not train 
or play games, but as soon as the pain has 
decreased, they can start to train beside the reha-
bilitation, and when they no longer are in pain, 
they can return to playing games. Surgical treat-
ment is not indicated in players with acute LBP.
24.10.5  Prognosis
The prognosis is very good, where 60% of the 
patients are pain-free within 2 weeks and 90% in 
3 months. There is unfortunately a lack of knowl-
edge regarding whether football players can return 
to training and competition, but for the general pop-
ulation 60% of the patients can return to work in 
1 month and 90% within 3 months. The athletes are 
allowed to RTP when they meet the general criteria.
24.11  Chronic Low Back Pain
Chronic LBP, non-specific LBP, segmental disc 
degeneration or instability or degenerative disc dis-
ease (DDD) is defined as LBP more than 3 months. 
Chronic LBP is very common, and the prevalence 
in the general population is between 5% and 10%. 
It usually affects individuals younger than 30 years 
of age, but the highest prevalence is between 40 
and 50 years of age. Approximately 10% of the 
patients with acute LBP will develop chronic LBP.
24.11.1  Symptoms
The symptoms are stiffness and weakness of the 
lower back. The patients have pain, tiredness and stiff-
ness in the back, spasms of the paravertebral muscula-
ture and sometimes radiating pain to the buttocks. The 
pain is of sharp or stabbing character. The pain can 
also radiate to the legs. The pain is aggravated by sit-
ting, standing and walking or lifting and rotating 
movements. The patients have severe difficulties to 
rise from sitting, lying or flexion. The patients also 
have pain while lying in the bed for long time.
24.11.2  Diagnosis
The diagnosis of LBP is made by clinical exami-
nation of the lumbar spine and neurological 
examination of the lower extremities. The patient 
may have structural or pain-mediated scoliosis, 
decreased lumbar lordosis and contracted spinal 
muscles. The patients have difficulties with all 
movements of the spine, especially flexion, 
extension and rotation.
24.11.3  Radiology
Radiological investigation of these patients is 
mandatory. X-ray is the primary radiological 
investigation to show absence of spondylolysis, 
apophyseal injuries in young athletes, DDD and 
arthrosis in the facet joints. Sometimes CT is 
mandatory, if X-ray doesn’t show any patholo-
gies. MRI is mandatory to confirm early patholo-
gies such as DDD, disc hernia and stress reaction 
of pars interarticularis.
24.11.4  Treatment
The initial treatment of DDD is conservative 
with pain killers and rehabilitation. A rehabili-
tation programme lasting for at least 6 months 
Fact Box 14
The prevalence of chronic LBP is 5–10%.
The most common cause is DDD.
Ten percent of athletes with acute LBP 
will develop a chronic LBP.
The symptoms are stiffness, weakness, 
pain and spasm in the lower bavck.
The diagnosis clinically and radiologically.
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is mandatory to improve the motions in the 
lower spine, restore the sagittal balance and 
also strengthen the muscles of the back. If the 
patient or the player doesn’t get better with 
conservative therapy, surgical intervention can 
be the next step.
Fusion and fixation surgery of patients with 
LBP is still controversial, due to the poor scientific 
evidence. There are some studies showing good 
results of 63–70% in patients who have undergone 
fusion and fixation. Indication for fusion surgery 
of the lower spine is preserved for one or two 
affected disc levels. There are several randomized 
studies comparing fusion with conservative ther-
apy, and there is no significant difference between 
these two methods, except that the surgical inter-
vention has higher risk for complications [38].
There are several surgical techniques to per-
form fusion of the lower spine. Posterior fusion 
and fixation has during the last decades been the 
golden standard. The technique is fixation with 
pedicle screws and posterolateral fusion with 
bone allograft. Transforaminal lumbar interbody 
fusion (TLIF) has during the last decade proven 
to be a better fusion technique for better fusion, 
but it also recreates a better lumbar lordosis res-
tauration (Fig. 24.3). During the last decade, 
anterior surgery has again been popular, and this 
can be performed with anterior lumbar interbody 
fusion (ALIF) or lateral lumbar interbody fusion 
(LLIF) (Fig. 24.4). In younger patients preserva-
tion of the range of motion of the lumbar spine is 
an appealing treatment option. This is done with 
a total disc replacement (TDR) or arthroplasty 
with anterior or lateral technique. The main aim 
is to preserve range of motion but also to reduce 
higher loads on the adjacent segment as is the 
case with fusion of segments. The theory is that 
TDR reduces the risk for early disc degeneration. 
There are some studies showing that TDR is as 
good as anterior fusion surgery in young individ-
uals [39].
Fact Box 15
Surgical treatment is recommended in 
severe cases.
The results are good in 63–70% of 
patients after spinal fusion.
Anterior surgery is recommended for 
young athletes with ALIF or TDR.
RTP is allowed if the athlete meets the 
general criteria.
Fig. 24.3 A 35-year-old male with DDD on L5-S1 on MRI and X-ray. He is treated with TLIF. The intercorporal cage 




Anterior surgery is a better surgical technique 
for young athletes because this excludes injury to 
the spinal muscles. The patient has less pain and 
can start with rehabilitation and also return to 
training and competition earlier than is the case 
with posterior surgery. Despite the lack of studies 
comparing anterior and posterior surgery in 
young athletes, anterior surgery is a more attrac-
tive alternative surgery for young elite players. 
Hopefully future studies will show this 
difference.
24.11.5  Return to Play
There is unfortunately a lack of knowledge 
regarding football players that have undergone 
fusion surgery or TDR and returned to play and 
competition. The athletes are allowed to RTP if 
they meet the general criteria. The fusion results 
in the general population are still not excellent 
where <70 shows good results. Fusion surgery or 
TDR should therefore be the last treatment option 
for football players.
24.12  Lumbar Disc Hernia
Disc injury or degeneration is more common 
in elite athletes than the general population. 
Lumbar disc hernia (LDH) is one of the most 
common causing LBP in athletes. However, trau-
matic LDH is significantly less common in ath-
letes. The reported prevalence of LDH in athletic 
population is up to 58%.
Fig. 24.4 A 35-year-old male with severe DDD (X-ray and MRI preoperatively) that is operated with anterior surgery 
with a hybrid technique, TDR L4-L5 and ALIF L5-S1 (X-ray postoperatively). The disc prosthesis is completely of 
PEEC material. The anterior part of the ALIF cage and the screws are of titanium and the rest of the cage of PEEC 
material
Fact Box 16
The prevalence of LDH in athletes is up to 
58%.
Athletes who have suffered from LBP 
and sciatica more than 2–3 weeks should 
be investigated with MRI.
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24.12.1  Diagnosis and Radiological 
Investigation
The athletes have LBP and radiating pain in the 
leg corresponding to the affected nerve root. 
They may also have varying forms of neuro-
logical deficits, such as numbness, loss of sen-
sation, reflexes and muscle power, which is age 
dependent.
MRI is the best radiological method to diag-
nose LDH (Fig. 24.5). The second best is com-
puted tomography (CT), but this method involves 
radiation and should therefore be avoided in 
young individuals.
24.12.2  Treatment
The management of LDH is a challenge in ath-
letes, because it often forces them to a break in 
continuing their athletic career. Therefore the 
goal of the treatment is to make return to sport-
ing activity as quickly as possible [40].
There are still no randomized controlled tri-
als comparing conservative with surgical treat-
ment methods in athletes with LDH in the 
literature. As a result, there are no scientific 
treatment methods or advice on the optimal 
strategy for the management of LDH in ath-
letes. There is also a lack of knowledge about 
the time in which the athletes can return to 
sporting activities, which kinds of movement or 
load should be avoided in the rehabilitation 




Fig. 24.5 (a) MRI of 
the spine of a 15-year- 
old male football player 
with disc hernia at 
L3-L4 level coursing 
right L4 sciatica. The 
athlete was treated with 
open mini-invasive 
discectomy. (b) The 
central disk hernia at 
L4-L5 level was 
asymptomatic and 
therefore not treated 
surgically
Fact Box 17
Spondylolisthesis is slippage of one verte-
bra in relation to another.
The main cause is spondylolysis of pars 
interarticularis.
LBP in athletes is in 50% caused by 
spondylolysis.
Persistent symptoms are due to a pro-
gressive slippage.
The diagnosis is radiologically with 




24.12.3  Return to Play
The long-term outcomes of conservative or surgical 
discectomy in athletes with lumbar disc herniation 
appear to be satisfactory in terms of the athletes’ 
ability to return to their previous levels of sporting 
activity [40]. However, surgical intervention has 
more rapid rates of pain relief and recovery. It is 
likely that full-endoscopic discectomy is the least 
mini-invasive surgical intervention for the skin, para-
vertebral muscles and soft tissues. This technique 
may show better advantages in athletes when it 
comes to maintaining muscle function and strength 
in the lower back and thereby allowing an early 
return to participation in sporting activities [41, 42].
Several studies have shown pooled return to 
sporting activity within 12 months from 80% to 
90% after either conservative (76%) or surgical 
(84%) intervention with no significant difference 
between the groups [40, 43–46]. The overall rate 
of return to sports after discectomy reported is 
89% (Table 24.2). Return to play after 
2–6 months is reported to be plausible for con-
tact sports after percutaneous discectomy and 
microdiscectomy. The mean time reported for 
return to play is 5.3 months. Probably, the full-
endoscopic lumbar discectomy may shorten the 
time for return to play due to the less invasive 
procedure. The pooled actual percentage of ath-
letes returning to their previous level of sport 
function after discectomy is approximately 59% 
(range 38–65%). The differences reported in 
studies regarding outcomes and return to play 
rates are dependent on the age of the player at 
the time of surgery and the type of sport. The 
recurrence prevalence of LDH requiring second-
ary discectomy ranges from 9% to 31% [47].
24.13  Spondylolisthesis
Isthmic spondylolisthesis in athletes is usually 
associated with spondylolysis or can on usually be 
congenital [48–50]. Most of the slip progression 
occurs during the preadolescent growth spurt [34]. 
Risk factors include a positive family history and 
sports with repetitive hyperextension, i.e. gymnas-
tics, figure skating and dancing [51, 52].
The prevalence of spondylolisthesis in children 
under the age of 5 years is 1–2%, while in adults it 
is 6%. The prevalence in athletes with persistent 
LBP has been found in up to 50% [50]. It’s most 
common at the L5-S1 disc level, because of the 
large forces occurring at this level, due to the fact 
that the lumbar spine is the link between the torso 
and the pelvic and lower extremities [50].
24.13.1  Diagnosis
The diagnosis is, radiologically, with a lateral 
lumbar view on plain radiographs. CT scans are 
of course more sensitive when it comes to diag-
nosing the spondylolysis with or without any 
slippage. More detailed information about spon-
dylolisthesis and spondylolysis is in the section 
about traumatic thoracolumbar injuries.
24.13.2  Treatment
The initial treatment is conservative.
Athletes who are not pain-free in 4 and 
6 weeks are recommended surgery.
With conservative treatment the results 
are good in 76%.
After discectomy the results are good in 84%.
Up to 90% of athletes can RTP within 
12 months.
Fact Box 18
The majority of athletes heal conservatively.
In cases with progressive slippage and 
persisting pain, fusion surgery is required.
RTP is possible between 9 and 12 months, 
when the athlete has met the general criteria.
Table 24.2 Average percentage of athletes returning to 
sporting activity after surgical treatment within 12 month
Returning to play
Months 3 6 9 12
% of athletes 50% 72% 79% 84%
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Spondylolisthesis may cause LBP or changes 
in gait and postural abnormalities, depending on 
the level of the slip. The first step in treatment is 
structured physiotherapy. To document stability 
and the lack of further progression, athletes 
should be followed with serial radiography at 
6-month intervals until they have reached matu-
rity. Athletes with slippage of >50% or with pro-
gressive slippage and those who cannot be 
treated conservatively may require surgery with 
pedicle fixation and fusion. The fusion is in most 
cases performed both intercorporally (PLIF/
TLIF) and posterolaterally. The surgical inter-
vention also includes some degree of reposition-
ing of the slippage and laminectomy (so-called 
Gill laminectomy) [53].
24.13.3  Return to Play
There are no studies reporting return to play in 
football players with symptomatic spondylolis-
thesis. When the player is pain-free either with 
conservative or surgical treatment, return to play 
is allowed. The time to be able to return to play is 
still unclear but recommended when the athlete 
has met the general criteria. After fusion surgery it 
can take between 9 and 12 months for the athlete 
to be able to return to training and completion.
24.14  Facet Joint Syndrome
Facet joint syndrome (FJS) is a challenging con-
dition for diagnosis and treatment, and there are 
reports that it affects up to 15% of patients with 
chronic LBP [54]. Despite rigorous research, 
there is still controversy about this diagnosis, but 
recent literature reports that FJS may be a pri-
mary source of LBP [55].
24.14.1  Aetiology
Facet joint pain can originate from any structure 
integral to both the function and configuration of 
the facets, including the fibrous capsule, synovial 
membrane, hyaline cartilage and bony articula-
tions. The predisposing factors are spondylolis-
thesis, disc degeneration and old age. The 
conclusion from several recent studies is that disc 
degeneration is a more reliable indicator of age-
ing than facet joint osteoarthritis and that no 
osteoarthritis has been observed in any patient in 
the absence of disc degeneration [56–62]. Facet 
joint osteoarthritis has been found to be minimal 
in patients younger than 40 years [62, 63].
24.14.2  Prevalence
The prevalence rate varies widely from 5% to 
90% in the literature [64–71]. However, recent 
studies with precise indications and methods 
have come to the conclusion that FJS is the cause 
of 15% of chronic LBP [65, 72–77].
24.14.3  Diagnosis
FJS is challenging to diagnose with the present 
diagnostic methods, clinical examinations, 
radiologically and with facet joint blocks. The 
main reason is that the pain from the facet joints 
is not always in the lower back but also usually 
presents as radiating or referred pain, due to the 
nervous distribution from the primary dorsal 
rami. It’s therefore difficult to distinguish it from 
sciatica pain due to a herniated disc or foraminal 
stenosis.
In clinical practice, it is generally accepted 
that diagnostic facet joint blocks are the most 
reliable method of diagnosing FJS. Several 
guidelines and reviews have asserted that intra- 
Fact Box 19
FJS is a challenging condition.
FJS cannot occur if the disc is healthy.
The prevalence of FJS may be the cause 
of chronic LBP in 15%.





articular injections and median branch blocks are 
equally effective [72, 73, 78–80]. However, both 
these methods are associated with high false- 
positive and false-negative rates, and their effi-
cacy in diagnosing FJS is therefore low, and their 
use should be reduced.
24.14.4  Radiology
Plain radiography is not specific in diagnosing 
facet joint osteoarthritis (OA) in the early stages. 
CT scans are best at detecting degenerative facet 
changes. Some studies of patients with chronic 
LBP have reported that both the sensitivity and 
specificity of MRI diagnosis facet joint OA to be 
more than 90%, compared with CT scans [62, 65, 
71, 81–83].
24.14.5  Treatment
The treatment of FJS consists of a multimodal 
approach comprising conservative therapy, medi-
cal management, surgical intervention and 
physiotherapy.
The use of intra-articular steroid injections for 
the treatment of FJS is still a controversial subject. 
When using radiofrequency denervation for FJS, 
studies have also produced controversial findings 
relating to the long-term outcome [84–86]. 
Studies evaluating the long-term outcomes of 
these two procedures have thus far provided con-
flicting evidence. [86] In carefully selected 
patients who fail to benefit from conservative 
treatment, such as physical and pain killers, intra- 
articular steroid injections and radiofrequency 
denervation have shown to be good treatment 
options [54].
Fixation and fusion of the degenerated spinal 
segment or arthroplasty of the facet joints are 
occasionally performed to treat FJS. This is 
despite any scientific evidence in the literature 
[87, 88]. Therefore, there is no convincing evi-
dence to support any surgical intervention for 
FJS, except for that resulting from a traumatic 
dislocation or fracture.
24.14.6  Return to Play
There are no studies reporting return to play in 
football players that have LBP due to FJS. The 
management is as for athletes with LBP. When 
the player is pain-free either with conservative or 
surgical treatment, return to play is allowed. The 
time to be able to return to play is still unclear.
24.15  Fractures 
of the Thoracolumbar Spine
Traumatic spinal fractures in the general popula-
tion account for a large percentage of musculo-
skeletal injuries, where approximately 75–90% 
occur in the thoracic and lumbar spine. Most of 
these fractures occur at the thoracolumbar 
junction (Th10-L2) and the lumbar spine, due to 
the rigid thoracic spine and the mobile the lumbar 
[89–92]. In young athletes, traumatic fractures 
and dislocations of the thoracolumbar spine in 
athletes are not as usual as in the cervical spine. 
There are unfortunately no statistics reporting the 
incidence and prevalence of fractures in the tho-
racic/lumbar spine in athletes. There are some 
case reports and series reported in American 
football players and basketball players. They are 
fortunately to a lesser rate resulting to cata-
strophic spinal cord injuries [93].
24.15.1  Aetiology
The mechanisms of injuries in athletes include 
axial compression and loading in hyperflexion or 
hyperextension [93]. Axial loading is usually pre-
cipitated by falls landing in a sitting position, 
often with combined hyperflexion of the spine. 
Fact Box 20
The treatment is always conservative.
In severe cases, facet joint blocks are an 
option.
RTP is allowed when the athlete has met 
the general criteria.
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The most common fractures in athletes are com-
pression fractures of the vertebral endplates 
caused by sudden axial loading or in sports 
requiring jumps or high axial loads on the spine 
due to falls. This injury mechanism is seen in div-
ing, skiing, snowboarding, horseback riding and 
gymnastics. Fractures of the thoracolumbar spine 
may also occur in violent collisions in contact 
sports, such as American football, rugby, ice 
hockey and soccer [93, 94].
Endplate fractures or Schmorl’s nodes in pae-
diatric athletes are common injuries [33]. These 
injuries represent disc extrusions through weak 
areas of the endplate and are more frequently 
seen in the thoracolumbar junction. Endplate 
fractures are considered to be caused by an acute 
axial load or by repetitive axial stresses [33]. 
Baranto et al. reported a higher incidence of these 
injuries in orienteers compared with other ath-
letes [4].
Traumatic avulsion fractures of the posterior 
elements can occur during training or comple-
tion, due to a posterior direct trauma or after sud-
den forcible spine flexion, rotation or 
hyperextension. An avulsion fracture of the spi-
nous process of the T1 vertebra, a so-called clay- 
shoveller fracture, can occur in weightlifters and 
gymnasts. Avulsion injuries are also found of the 
lumbar spinous and transverse processes in div-
ers, dancers and gymnasts.
24.15.2  Classification 
of Thoracolumbar Fractures
The AO thoracolumbar fracture classification sys-
tem is the most recent mechanistic classification 
system described by Magerl et al., which has 
globally been accepted and is used clinical pratice 
[95]. The AO classification system defines three 
major mechanisms of spinal injury: compression 
(type A), distraction (type B) and translation (type 
C). Types A and B are then divided into subgroups 
(i.e. A0, A1, A2, A3, A4), but not type C. The 
injury severity is indicated by increasing values of 
injury classification. This means that type A is 
less severe than type B, which is in turn less severe 
than type C (Table 24.3).
24.15.3  Diagnosis
It’s mandatory to radiologically examine athletes 
that are exposed to spinal trauma. If the athlete is 
conscious and has no neurological deficits, the 
first step is plain radiographs. But if the athlete is 
unconscious and has a neurological deficit or 
plain radiograph/CT scans show a fracture caus-
ing canal narrowing, MRI most be performed. 
Most thoracolumbar fractures can be found on 
plain radiographs, but CT scans are more sensi-
tive to bony lesions. MRI is the gold standard 
examination for the diagnosis and evaluation of 
spinal cord injuries. MRI is able to detect oedema 
and haemorrhage in the spinal cord and is also 
useful for detecting compression vertebral body 
fractures by evidencing bony oedema. MRI 
Table 24.3 Detailed description of the AO classification 
system (Adapted from Magerl et al. 1994 [95])
Type A Type B Type C
Compression 
injuries


























75–90% of spinal fractures occur in the 
thoracic/lumbar spine.
The prevalence in athletes is not known.
The fractures are caused by axial com-
pression, hyperflexion or hyperextension 
and loading.
The classification is according to AO.
The fractures are called types A, B and 




should be performed in children with neurologi-
cal deficits to detect eventual spinal cord injuries 
without radiographic fractures, so-called 
SCIWORA [96–99].
24.15.4  Treatment
The management of thoracolumbar fractures 
depends on the severity of the fracture. Type A 
fractures are treated conservatively with or with-
out a brace (hyperextension brace). One excep-
tion is type A3 and A4 fractures, where the 
majority are instable and should therefore be 
treated surgically, preferably with percutaneous 
pedicle screw fixation. Type B and C fractures 
are unstable and most always be treated surgi-
cally with open pedicle fixation and fusion.
Physiotherapy is mandatory after surgery or 
after removal of the brace, which is approxi-
mately 2–3 months of treatment depending on 
the patient’s age.
24.15.5  Return to Play
Compression fractures in the thoracic/lumbar 
spine are relatively rare in athletes, and therefore 
there is limited knowledge about the prognosis 
and return to play. In American football players 
and basketball players with compression frac-
tures, return to play was possible after 
3–24 months without any limitations.
Return to play is recommended for athletes in 
contact sports after healed compression fractures 
if the athlete meets the general criteria. For spi-
nous process and transversal process fractures, a 
similar conservative treatment approach and 
return to play criteria have been suggested.
Traumatic fracture of the thoracic spine with 
instability, such as burst or Chance fractures, is 
reported to be a contraindication for athletic par-
ticipation. However, after surgical treatment 
there are few proposed return to play guidelines 
for this condition. It is recommended that partici-
pation in contact sports after fusion treatment 
which include the transition zones in the cervico-
thoracic or thoracolumbar regions constitutes an 
absolute contraindication. Also, fusions which 
terminate at the transition zones are contraindica-
tion for return to previous play. There is a con-
sensus that players can return to play if the fusion 
doesn’t cross a transition zone.
24.16  Apophyseal Ring Injuries
Traumatic disc herniations are less common in 
young athletes. The clinical presentation in ado-
lescents compared to adults can be less clear, 
where children often lack sciatica. Instead, they 
have mild or moderate LBP that is aggravated by 
activity. Disc herniation associated with avulsion 
fractures of the apophyseal ring is unique for the 
adolescent athletes [100].
24.16.1  Injury Mechanism 
and Incidence
Several authors have reported that apophyseal ring 
fractures (avulsion fracture) occur at the junction 
between the vertebral body and the apophysis 
attached to the outer annulus fibrosis [34, 101, 
102]. When an avulsion fracture occurs through 
the growing cartilage, the ossified fragment 
remains attached to the annulus and posterior lon-
gitudinal ligament. Disc material always extrudes 
Fact Box 22
The diagnosis is made by CT or MRI.
The treatment is conservative, with or 
without brace.
Surgical treatment is required for type 
A3, type A4, type B and type C.
Surgical treatment is posterior pedicle 
fixation and fusion.
Return to play is contraindicated if the 
fusion is in the cervical and thoracic junc-
tion or in the thoracic and lumbar junction.
Athletes are allowed to return to play if 
they meet the general criteria.
The time to return to play is due to the 
severity of the fracture and between 3 and 
24 months.
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through the avulsion fracture and prevents healing 
of the ring to the vertebral body.
Ring apophyseal fractures occur exclusively 
in adolescence, before the age of full maturation 
around 18 years, because the cartilaginous end-
plate (the attachment between the apophyseal 
ring and the vertebral body) is weaker than the 
annulus fibrosis attached by Sharpey’s fibres to 
the apophyseal ring. Ossification of the ring 
begins at 13–17 years of age, and fusion to the 
vertebral body occurs at about 18 years, but the 
process is often delayed until 25 years of age.
The incidence of adolescent athletes is 5.8–
28% and in all ages 5.35–8.2% [103].
Approximately 50% of these apophyseal frac-
tures are due to acute trauma or repetitive micro- 
trauma [104]. Most patients are involved in sports 
that require repetitive hyperflexion and 
 hyperextension of the lumbar spine, such as bas-
ketball, football, weight lifting, gymnastics and 
volleyball [105].
The most frequent site of ring apophyseal 
fractures is the inferior ring of the vertebreae in 
the lumbar spine, especially L4, but avulsion 
fractures may occurs in all the spine [33].
24.16.2  Diagnosis
The symptoms of apophyseal fractures are 
similar to a central herniated disc. The patients 
suffer from acute or chronic moderate or severe 
LBP and mild radicular pain to the buttock and 
posterior thigh. The symptoms are aggravated by 
prolonged sitting, coughing, sneezing and 
activities.
This avulsion fracture is difficult to find on 
plain radiographs. CT is most sensitive for detect-
ing the fracture, but in most cases MRI can also 
diagnose the injuries with disc material in the 
fracture (Fig. 24.6).
24.16.3  Treatment
Treatment modalities of apophyseal fractures are 
conservative, with absence from sports and phys-
iotherapy. Surgery is required if the fracture is in 
the posterior part of the vertebra and causes com-
pression of the nerve root resulting in sciatica and 
neurological deficit. The surgical procedure is as 
for LDH with the addition of extirpation of the 
bony fragment.
24.16.4  Return to Play
There are unfortunately no reports on prognosis 
and recovery after apophyseal fractures, treated 
conservatively or surgically. The most common 
outcome measures are based on symptomatic 
relief. Most adolescent and adult cases treated 
surgically show good to excellent results and 
symptom relief.
Several clinical factors can influence the 
postoperative outcome such as age, type of 
apophyseal fracture, preoperative symptoms or 
associated disease, different surgical tech-
niques and postoperative management. 
However the postoperative outcome is mainly 
dependent on the severity of the preoperative 
deficit. Athletes with apophyseal fracture and 
LDH who have undergone surgical interven-
tion have equal clinical outcome and postop-
erative complications.
The exact time for return to previous or sport 
activity is not reported. The guidelines are the 
same as for LDH. Therefore the athlete shall 
Fact Box 23
The prevalence in young athletes is 6–28% 
and in all ages 5–8%.
Apophyseal fractures occur due to a 
trauma and sports are the most common 
cause.
The diagnosis is made by CT and MRI.
The treatment is conservative, but in 
patients with sciatica and neurological defi-




meet the general criteria; have no pain, muscle 
weakness or neurological deficit. Up to 90% of 
the athletes return to previous sports activities 
within 12 months.
24.17  Spondylolysis
Spondylolysis is a stress fracture of the pars 
interarticularis or the isthmus (Fig. 24.7). It’s 
more commonly occurred in the skeletally imma-
ture young athletes due to the vulnerability of the 
immature pars to repeated stress loads.
The prevalence in the general population is 
4–6%, and it is most common in L5 vertebrae 
(85–95%). However, the prevalence in athletes is 
much higher, especially in athletes with LBP 
(50%). Spondylolysis is most commonly found 
in children between the ages of 6 and 10 years, 
with a reported prevalence of 4% [106]. The 
prevalence in adolescent athletes is 47%, whereas 
5% in the adults [52]. The prevalence in football 
is also very high, and there are reports of rates 
between 6.5% and 66.7% [107].
24.17.1  Injury Mechanism
The injury mechanism in football that puts heavy 
loads on the lower spine and causes spondyloly-
sis is well described and involves three mecha-
nisms: extension overload, unbalanced shear 
forces and forced rotation of the lumbar spine. 
This mechanism involves multiple short sprints 
and kicking a ball with either foot, heading the 
ball, occasionally throwing it with two hands 
above the head, collision with opponents and 
contact with the ground. El Rassi et al. [37] 
reported that 47% of the football players noticed 
that their pain started after a high-velocity kick. 
There are also anatomical abnormalities that can 
predispose spondylolysis such as vertical pars, 
long articular facet process and hyperlordotic 
spinal curve.
Fig. 24.6 A 13-year-old female elite gymnast with apophyseal injury at Th12 vertebra on MRI T2 and T1 waited 
images) and plain radiography
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24.17.2  Diagnosis The diagnosis is radiologically with oblique 
plain radiographs. The fractures are in this view 
called broken neck of the Scottie dog. CT scans are 
more sensitive when it comes to diagnosing the 
defect. Early stages, such as stress reactions or 
fractures, can be missed on plain X-rays and CT 
scans but are clearly seen on MRI. In paediatric 
athletes with back pain where plain X-rays and CT 
scans are negative, it is therefore recommend con-
tinuing with MRI. If all these three radiological 
methods are negative but there is still a high suspi-
cion of a fracture, a single photon emission com-
puted tomography (SPECT) can be performed. 
SPECT is the most sensitive method to investigate 
occurrence of stress reaction or fracture of the pars.
Athletes with spondylolysis or stress reaction 
have LBP which is aggravated by activity. They 
may have hyperlordosis and restricted flexion in 
S
Fig. 24.7 MRI and X-ray of a 16-year-old female foot-
ball player with spondylolisthesis of pars of L5 with mild 
retrolisthesis. The player has a lumbarized S1 vertebra. 
The player has had LBP since several years and cannot 
continue to play football
Fact Box 24
Spondylolysis is a stress fracture of the 
pars interarticularis.
The prevalence in the general popula-
tion is 4–6%.
The prevalence in young athletes is up 
to 47%.
The prevalence in football players is 
between 6% and 67%.
The injury mechanism is extension 
overload, unbalanced sheer forces and 
forced rotation.





clinical examination. Standing on one leg with 
the lumbar spine extended laterally may be pain-
ful. They may also have tenderness on palpation 
on the spinal process of the affected vertebrae.
24.17.3  Treatment
The ideal goal for treatment of spondylolysis is 
to achieve bone healing of the fracture at the ear-
liest possible stage during childhood and in this 
way prevent spondylolisthesis with a more 
severe clinical condition. It is therefore manda-
tory to examine young athletes with LBP with 
radiological examinations.
The treatment is conservative with physiother-
apy and absence from physical activities for at 
least 3 months. The athletes shall not be treated 
with hard or soft braces. Studies have shown that 
bracing delays the healing and return to play. It 
takes between 3 and 6 months for a pars fracture to 
heal with conservative treatment and absence from 
sports. El Rassi et al. [37] reported in a study on 
football player with a minimum of 2-year follow-
up that 58% of the players had excellent results 
with no pain during sports, 35% good, 5% fair and 
2% poor results with conservative treatment. They 
noticed also that players who ceased playing foot-
ball for 3 month had better results than those who 
continued to play with or without a brace.
Athletes that don’t respond to conservative 
treatment and have continued severe LBP with 
progressive slippage require surgical fixation and 
fusion of the pars fracture. More than 70% of 
young athletes with bilateral spondylolysis have 
been reported to have forward slippage to some 
extent [108, 109]. Athletes that have severe slip-
page with radiculopathy due to nerve root steno-
sis at the lateral recess require also surgical 
treatment [110–112]. There are different surgical 
techniques to treat spondylolysis with or without 
slippage; intra-segmental pars fixation either 
with a laminar compression screw or using a ped-
icle screw, rod and a laminar hook or pedicle 
screw and rod construction. All these methods 
have shown to have good results [113].
24.17.4  Return to Play
Studies have reported good to excellent results in 
80% and return to play of athletes with spondy-
lolysis treated conservatively. Return to play is 
allowed once athletes have met the general crite-
ria for contact sports, which usually takes up to 
3 months. The athlete must have normal lumbar 
spine motion and examination without any pain, 
good muscular strength and stability, restored 
lumbar lordosis and no pain in extension provo-
cation. Returning to previous level of sports may 
take between 3 and 12 months. There are still no 
general criteria for returning to play after surgi-
cal treatment of spondylolysis. Some surgeons 
do not recommend return to contact sports after 
fusion of spondylolysis, but others allow athletes 
to return to collision sports 1 year postopera-
tively. Therefore, fusion surgery after spondy-
lolysis is not always a contraindication to return 
to contact sport activities, but the time frame for 
return is variable. The recommendation is, there-
fore, once athletes have met the general criteria, 
return to sports is allowed.
Fact Box 26
The results for RTP are good and up to 
80%.
RTP occurs in between 3 and 12 months.
The recommendation for RTP is when 
the player meets the general criteria.
Fact Box 25
The diagnosis is with oblique X-ray, CT 
scans, MRI or SPECT.
The initial treatment is conservative 
with pain killers and physiotherapy.
In athletes with progressive slippage, 
inadequate healing of the fracture or neuro-
logical deficit, surgical treatment may be 
required.
The surgery is with posterior pedicle 
screw fixation and fusion.




Football is the most commonly played sports in 
the world, and injuries are therefore common 
among football players. LBP is the third most 
common injury in football, with a prevalence of 
14% in young players and 36% in adult players.
The spine of football players is exposed both to 
traumatic and over-use injuries. Acute macro- 
trauma, repetitive micro-trauma or over-use injuries, 
or a combination of these two mechanisms are very 
common spinal injuries in football players resulting 
in back pain. The injury patterns are different in 
young athletes compared with adults, as the young 
athletes suffer usually form avulsion injuries of the 
vertebral endplates in the growth zone and the adults 
from vertebral body fractures or rupture of the disc.
Fractures in the spine of football players are 
very rare, and the specific prevalence is not 
known. The surgical treatment is with stabile 
fixation when the fracture is displaced.
Disc degeneration and other abnormalities 
affecting the vertebral endplates and the vertebral 
ring apophyses are very common among athletes 
in sports imposing large demands on the spine. 
These abnormalities appear to be relatively 
uncommon among top-level athletes before the 
adolescent growth spurt. Athletes (such as foot-
ball players) with the above-mentioned radiolog-
ical abnormalities have more back pain, with a 
frequency of up to 94%, than other athletes and 
nonathletes.
There are at present no specific scientific stan-
dardized consensus guidelines for return to foot-
ball play after spinal injuries. Therefore, the 
recommendations are based on studies of other 
sports. Few studies have published guidelines for 
RTP after spine injuries, but their conclusions are 
obtained largely from case series, expert opinions 
and experience, rather than scientific evidence. 
However, most authors agree on four fundamen-
tal criteria that must be meeting for a player to 
return to playing sports:
 1. The athlete must be pain-free.
 2. The athlete must have full range of motion.
 3. The athlete must have full strength.
 4. The athlete must have no evidence of neuro-
logical deficit.
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25.1  Introduction
The rotator cuff is a group of muscles and ten-
dons that act as to stabilize the shoulder. The 
main functions of the rotator cuff are extra- and 
intra-rotation of the humeral head, stabilization 
of the humeral head into the glenoid cavity 
(through compressive forces), and contribution to 
muscular balance. The synergic work of rotator 
cuff muscles allows a selective movement of the 
humerus. Rotator cuff injury is a common cause 
of pain, and shoulder disability and traumatic 
lesions are also reported in young patients. 
Supraspinatus is the most frequently involved 
tendon, but isolated supraspinatus tears occur 
only in 40% of cases [1, 2]. Severe rotator cuff 
lesions may be caused in football players by 
high-energy trauma, such as macrotrauma 
occurred during match or training, or repeated 
microtrauma, which leads to weakening of soft 
tissues of the shoulder [3, 4]. The prognostic 
evaluation of rotator cuff tears must consider 
many factors, including the type of lesion, num-
ber of involved tendons, quality of residual tis-
sue, and causes of the lesion.
25.2  Epidemiology
Football is one of the most popular sports world-
wide; in fact, in Europe, about the 40–60% of 
sports-related trauma are due to football [5]. From 
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1.5 to 7.6 injuries per 1000 h of training and from 
12 to 35 injuries per 1000 h of match occur in elite 
football players [5]. Football is a lower-limb-
dominant sport, and the most common injured site 
is the lower limb (67.7%), followed by the upper 
limb (13.4%) [5]. Goalkeepers are more exposed 
to upper limb lesions than other football players 
[5]. A study regarding European professional 
male teams found shoulder injuries represented 
only 2% of all injuries during the years 2001–
2008. This percentage is much lower than in other 
sports, where shoulder injuries are more fre-
quently represented, respectively, 14% in rugby 
and 8% in volleyball and in American football 
[6]. In the last several years, there has been an 
increase in reported shoulder injuries in football 
players. Most likely, this change is due to the fact 
that modern football has been characterized by 
high speed, pressing and marking together with 
an improved overall injury detection strategy.
A study on English professional teams over 4 
seasons showed that of 40,466 injury claims, 1335 
(3.3%) were shoulder related, 445 serious shoul-
der injuries occurred each year, and the percentage 
increase in shoulder injuries (injuries per year/total 
shoulder injuries) increased from 35% in the 
2006/2007 season to 89% in the 2009/2010 season 
[4]. A recent study reported that a third of shoulder 
injuries (28%) sustained by professional football 
players are severe and the participation in training 
and games is limited for at least 28 days [6].
A study of the UEFA European Championships 
reported 34 severe injuries, 2 of which were 
shoulder dislocation. A previous shoulder injury 
is a significant risk factor of more or repeated 
injuries than other football injuries in general. 
The majority of serious soccer shoulder injuries 
affect the glenoid labrum (84%), while a smaller 
number are labral injuries with associated rotator 
cuff involvement (8%), and a minority (8%) are 
isolated rotator cuff injuries [6].
During the Olympic Games in Athens in 2004 
and UEFA EURO 2004, the percentage of shoul-
der damage was 3.8% and 4.4%, respectively. A 
recent study reported shoulder injuries between 
2% and 13% during a 4-year period (from 1998 
to 2001) of international tournaments. The 
Fédération Internationale de Football Association 
(FIFA) collected data during Japan/Korea World 
Cup (2002) and Germany World Cup (2006) 
reported higher percentages of upper extremity 
injury (4.6% and 8.2%, respectively) [5].
25.3  Etiology and Biomechanics
Many injuries in football occur as a result of a 
direct shoulder trauma. Consequences of these 
trauma are shoulder fractures (glenoid, humeral 
head, clavicle), glenohumeral dislocations (often 
with associated labral and SLAP tears), acromio-
clavicular dislocation, and rotator cuff lesions 
(full- or partial-thickness tears, tendinopathy, or 
contusions). Several kinds of lesions may involve 
rotator cuff tendons due to different injury mecha-
nisms. Rotator cuff lesions are mainly classified in 
articular, bursal, and intra-tendinous, with differ-
ent prognosis and treatment options. In goalkeep-
ers, which can be considered overhead athletes, 
each of these types of lesions can be found. In 
these athletes, subacromial impingement is one of 
the most frequent problems affecting the shoulder. 
Subacromial impingement is usually classified as 
primary or secondary. The primary impingement 
is related to an unusual coracoacromial arch with a 
resulting lesion of the anterior surface of supraspi-
natus tendon. The most used classification for the 
acromion morphology is the one initially proposed 
by Bigliani et al. on outlet view radiographs that 
describe the acromion as flat, curved, and hooked 
[7]. In this report, the authors described a correla-
tion between acromion morphology and tendon 
Fact Box 1. Epidemiology
40–60% of sports-related trauma are due to 
football.
An increased rate of shoulder injury has 
been recorded.
Isolated rotator cuff tears are rare.
A third of shoulder injuries are severe 
injuries (more than 28 days lost).
A previous shoulder injury is a signifi-
cant risk factor for re-injury.
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lesions. Secondary impingement is the conse-
quence of trauma, with capsule laxity or glenohu-
meral ligament sprain.
Articular tears are due to intrinsic mechanism and 
characterized by the only degeneration of the lower 
portion of the tendon that leads to a progressive 
delamination. Intra-tendinous tears are caused by 
strong eccentric forces acting on the upper limb dur-
ing the phase of deceleration. These lesions involve 
the tendon between bursal and articular sides; this 
kind of tear can cause much pain [8–10]. Rotator cuff 
tears may also be classified according to the thick-
ness of the involved tendon (partial or complete), the 
etiology (degenerative or traumatic), and the number 
of injured tendons (isolated or massive).
The principal classification of rotator cuff 
tears is the Snyder classification, and its impor-
tance is due to the direct implication on the surgi-
cal treatment [11]. This classification provides 
the evaluation of two different features: the side 
involved in the lesion (articular, bursal or com-
plete tears) and its extension.
25.4  Treatment Options 
and Rehabilitation Protocol
In professional athletes, it is extremely impor-
tant to perform a multidimensional evaluation. 
In all patients, an accurate clinical evaluation is 
usually followed by imaging analysis, such as 
X-ray, ultrasonographic evaluation, and in 
some cases computer tomography (CT) scan or 
magnetic resonance imaging (MRI). In high-
level athletes, some specific aspects have to be 
considered, including the role of the player, 
timing of the season, and expectations of the 
patient. Understanding all of these aspects is 
crucial for a good compliance of the patient, 
and more time than usual is often requested in 
this population [8].
Depending on these clinical, imaging, and 
psychological factors, the sports physician may 


















Fig. 28.1 Therapeutic 
approach to football 
players with rotator cuff 
tears
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25.4.1  Conservative Treatment
Conservative treatment is proposed in cases of 
simple shoulder trauma, while relevant lesions 
are excluded by imaging analysis. Also, small 
rotator cuff tears can be initially treated in a 
conservative way. This approach consists of 
shoulder immobilization in a sling for a brief 
period, typically from 1 to 3 weeks. After immo-
bilization, the treatment is focused on control-
ling pain and restoring full range of motion with 
the support of a physiotherapist, practicing neu-
romuscular training [12–16]. If small lesions are 
present and the conservative treatment have not 
obtained a resolution of pain along with persist-
ing functional limitations, a surgical approach 
can be considered.
25.4.2  Surgical Treatment
Surgery is indicated for athletes with severe pain 
and/or functional limitation and when rotator 
cuff tears are evidenced by imaging evaluation. 
In these cases, the correct timing of surgery must 
to be planned.
Partial rotator cuff tears are usually treated 
with partial shaving and, according to tissue 
characteristics or lesion extension, may 
require conversion to a repair in full-thickness 
lesions. Repair techniques attempt to restore 
contact between the tendon and the humeral 
footprint and are performed using single-row, 
double-row, or transosseous equivalent 
techniques.
Although surgical procedures for rotator 
cuff repair have improved over the past 
decades, unsatisfying clinical results in over-
head athletes are still observed. In fact, only 
49.9% of  professional athletes return to play 
at the same level after rotator cuff repair [17]. 
Therefore, when lesions involve <50% of ten-
dinous thickness, arthroscopic debridement is 
the procedure of choice. In overhead athletes, 
this cutoff percentage may be increased to 
75% [18].
In arthroscopic repair, the use of platelet-rich 
plasma at the end of the procedure has shown to 
be effective to reduce postoperative pain [19]. 
Also, better results are reported in efficacy of 
post-op rehabilitation. An appropriate rehabilita-
tion protocol is necessary to reach a complete 
functional recovery of the shoulder.
25.4.3  Rehabilitation Protocol
Numerous postoperative rehabilitation proto-
cols have been described. Generally, these pro-
tocols can be dichotomized as standard or 
accelerated. Supposed advantages of an accel-
erated protocol are rapid return to daily activity, 
less risk of articular rigidity, and faster recov-
ery in the case of small- and medium-sized 
tears. Possible risks of the accelerated protocol 
include an increased risk of re-injury during 
therapy for large tears and incomplete repair; 
for this reason, these are usually considered as 
contraindications.
Fact Box 2. Treatment
Treatment is based on type of lesion, symp-
toms, and time of sports season.
Conservative treatment: short immobili-
zation, control pain and then restore full 
range of motion.
Surgical treatment might be postponed 
until the off-season.
Consider arthroscopy shaving in partial 
tear <50% and repair in other conditions.
Fact Box 3. Rehabilitation Protocol
Choose accelerated protocol for profes-
sional football player.
Phase I: at the first and second week, 
patients begin passive mobilization, and 
from third to fourth passive motion and 
hydrokinesis therapy.
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The rehabilitation period may be divided into 
the following phases (Fig. 28.2).
25.4.3.1  Phase I
Standard protocol is adopted for sedentary 
patients and for people presenting risk factors for 
accelerated protocol; it consists of immobiliza-
tion for 4 weeks, removing the brace only for 
washing, getting dressed, and eating.
The accelerated protocol is used for young 
and active patients, without risk factors; during 
the first and second week, patient may begin 
passive mobilization, and then, from third and 
fourth week, they start pendular movements and 
hydrokinesitherapy with a physiotherapist.
When patient reaches almost a complete 
shoulder range of motion, and there is no pain at 
rest, they can start the phase II.
25.4.3.2  Phase II
After 4 weeks, athletes can start active mobiliza-
tion, proprioceptive (in an open kinetic chain), 
and isometric exercises for improving muscular 
tropism and regaining force and complete 
mobility.
At the end of this phase, a complete active 
range of motion, compared to the contralateral 
side, should be observed.
25.4.3.3  Phase III
At 2 months post-op, the patient may begin the 
basic strengthening and proprioceptive training 
program. He starts to practice proprioceptive 
and reinforcement exercises in close kinetic 
chain- like push-up progression (Fig. 28.3), 


































Fig. 28.2 Rehabilitation protocol after rotator cuff repair
Phase II: active mobilization, proprio-
ceptive, and isometric exercises for active 
range of motion.
Phase III: at 2 months post-op, patients 
start basic strengthening exercises.
Phase IV: proprioceptive and advanced 
strengthening exercises.
Phase V: athlete’s return to sport and 
rehabilitation to specific athletic skills.
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When the pain disappears at all, both at rest 
and practicing reinforcing exercises, patient can 
start the last phase of rehabilitation.
25.4.3.4  Phase IV
At minimum 3 months post-op, advanced 
strengthening exercises and proprioceptive exer-
cise may be introduced (Fig. 28.4). In this period 
patient must carry out rehabilitation training 
through proprioceptive and reinforcing exercises, 
such as the plyometric ones, stabilization with 
advanced closed kinetic chain, extra rotation at 
45° and 90°, and advanced push-up exercises.
25.4.3.5  Phase V
This phase is the athlete’s return to sport and 
rehabilitation to specific athletic gestures. If there 
are no limitations during advanced exercises, ath-
lete turns to practice training on field and specific 
sports skills training.
25.5  Return to Play
In football players may return to their athletic 
activity in 5–7 months, according to the type of 





Fig. 28.3 Intensity progression of push-up exercise. 
Knee push-up: (a) starting position and (b) ending posi-
tion. Full push-up: (c) starting position and (d) ending 
position. Single-leg push-up: (e) starting position and (f) 
ending position. Push-up with exercise ball: (g) starting 
position and (h) ending position
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Return to play is a very challenging problem, 
considering that limited guidelines are published 
and many times choices are made according to 
personal experience.
A good decision-based return to play model is 
that proposed by Creighton [24], in which there 
are three steps:
 – Step 1: evaluation of health status
 – Step 2: evaluation of participation risk (i.e., 
type of sport, position played, competitive 
level, etc.)
 – Step 3: decision modification (i.e., timing 
and season, external pressure, conflict of 
interest, etc.)
For these reasons the decision to return to play 
should be taken by different figures [25], each 
one with his skills. The surgeon’s instructions 
regarding the athlete’s health status are critical 
for planning their return to play. Then, the sports 
physician should be supported by the indications 
of physical therapists, trainers, and coaches to 
evaluate steps 2 and 3.
Take-Home Message
Shoulder injuries in football players have 
increased over the last few years. Return to play 
after rotator cuff tears is challenging and few 
guidelines have been published.
According to the type of lesion, its symp-
toms, and the role of the football player, the 
treatment of rotator cuff tears can be surgical 
or conservative. Surgery consists of tendon 
repair, and many techniques are described in 
literature. Conservative treatment is based 
on shoulder immobilization, pain control, 
and restoring full range of motion with 
physiotherapy.
The rehabilitation protocol after surgery pro-
vides five different phases and has different dura-
tion in standard and accelerated protocols.
In football, return to play usually requires 
5–7 months according to the type of tear, the 
treatment, and its role.
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26.1  Introduction
As a lower-limb-dominant sport, most common 
football injuries involve the knee, ankle, and 
thigh musculature. Representing 2–3% of all 
injuries in football, far lower than the reported 
28% in rugby [1] and 21% in hockey [2], shoul-
der injuries are less common and mostly seen in 
goalkeepers [3]. Nevertheless, a longitudinal epi-
demiologic study of English Premier League pro-
fessional teams over a 4-year period revealed an 
increasing trend in both incidence as well as 
severity of shoulder injuries [4]. Although foot-
ball has a relatively low incidence of shoulder 
injuries, with over 240 million amateur players 
and 200,000 professional athletes around the 
world, the raw number of cases as well as per-
sonal, societal, and economic impact of these 
injuries is tremendous.
Unlike other sports (American football, rugby) 
where the acromioclavicular joint often make up 
a large proportion of shoulder injury, majority of 
serious football shoulder injuries affect the gle-
noid labrum (84%). Although scientific literature 
has largely neglected research tailored toward 
shoulder instability in football players, more 
recently, there have been growing emphasis on 
management of such injuries within the demo-
graphic to guide the clinician on appropriate 
return to participation strategies.
Although glenohumeral instability is an impor-
tant injury for field players, it usually does not 
eliminate them from return to a high level of com-
petition. Goalkeepers represent a special subset 
population within football where the demands of 
the position subject the shoulder to injury from 
dives, direct falls onto shoulder, reaching and 
stretching for saves, as well as throwing the ball. 
Persistent pain and recurrent instability is consid-
ered to be more frequent in goalkeepers, and 
residual apprehension can negatively influence 
the player’s ability to perform such tasks [5].
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26.2  Biomechanics, 
Pathoanatomy, and Natural 
History
Allowing range of motion in all six degrees of 
freedom, the glenohumeral joint is the most mobile 
major joint in the human body [6]. Often described 
as a golf ball sitting on a tee, there is relative lack 
of bony congruency. While increased mobility 
allows for various athletic endeavors, this range of 
motion comes at the expense of stability and the 
shoulder is also the most frequently dislocated 
joint [7, 8]. The labrum and glenohumeral liga-
ments (superior, middle, and inferior) contribute to 
joint stability. Following a traumatic anterior dis-
location, detachment of the anterior glenoid 
labrum and the anterior band of the inferior gleno-
humeral ligament (IGHL) (i.e., Bankart lesion) 
has been reported in 97% of young athletes.
Anterior dislocations are most common and 
are often result of a fall onto abducted arm, with a 
resultant external rotation moment applied. Other 
described mechanisms of dislocation include arm 
tugging during running, body contact to the back 
of the shoulder joint, as well as contact to the 
underside of the upper limb while in midair (head-
ing). Although representing only a single player 
on a field of 11, half of shoulder injuries incurred 
by the team are by goalkeepers [3, 5].
Patient’s age at time of initial dislocation is 
inversely related to recurrence rate. Although the 
exact number of dislocation events resulting in 
osteoarthritis has not been defined, the number of 
recurrent instability episodes is thought to corre-
late with development of arthritis. Moreover, 
repeated dislocation events likely contribute 
injury to cartilage, bone loss, and attenuation of 
the labrum and capsule.
26.3  On-Field and Early 
Evaluation of Shoulder 
Instability
After ruling out any catastrophic injuries, history 
can be gathered from the athlete as well as athletic 
trainer. Video replay, when available, may provide 
invaluable information regarding mechanism of 
injury. Anterior instability often occurs with the 
arm in abducted and externally rotated position. 
Palpable prominence of the anterior and inferior 
to the shoulder as well as loss of normal contour 
over the deltoid may be noted. The athlete will 
have decreased range of motion of the shoulder. 
After a thorough neurovascular examination of 
the upper limb, with special emphasis on the axil-
lary nerve function, reduction maneuver may be 
attempted on the sideline. Anesthesia is often not 
required if reduction is performed if attempted 
acutely before the onset of muscle spasm. If the 
athlete is unable to tolerate reduction on the field 
or if the musculature is in spasm and reduction is 
difficult, he or she should be taken to the training 
room for an intra-articular block with local anes-
thetic. If there is any concern for a concomitant 
fracture, an acute reduction should not be 
attempted until radiographs are obtained. Sedation 
is associated with more complications and is 
reserved for difficult reductions. After a success-
ful reduction, a thorough postreduction neurovas-
cular examination as well as radiographs are 
performed. The authors prefer a true anteroposte-
rior (AP) view of the glenohumeral joint as well 
as an axillary view to obtain orthogonal imaging 
to document acceptable reduction. If the athlete is 
unable to achieve sufficient abduction, a Velpeau 
view may be used instead [9]. Specific instability 
examinations such as apprehension test, reloca-
tion test, and load-and-shift test are rarely useful 
in the acute setting and reserved for the subacute 
situation. According to a recent meta-analysis, the 
surprise test, where the examiner completes the 
relocation test, then suddenly releases the posteri-
orly directed force and the patient again feels a 
sudden onset of instability, is the most sensitive 
test [10].
Magnetic resonance imaging (MRI) is essen-
tial to assess for labral-ligamentous-capsular, 
Fact Box 1
Multiple glenohumeral dislocation events 
can result in to glenoid erosion and defor-
mation of the capsule, which can lead to 
recurrent instability. Repeated injury and 
trauma to the shoulder joint can influence 
the surgical options as well as its outcome 
and prognosis.
J.J. Shin and B. Lesniak
pieter.orthopedie@gmail.com
323
rotator cuff and articular cartilage abnormalities 
(Fig. 26.1). If the scan is obtained within a week 
of the dislocation, the hemarthrosis or effusion 
present in the joint can act as a natural contrast 
for arthrography [11]. In the subacute setting, 
intra-articular gadolinium contrast is injected 
into the glenohumeral space to allow for improved 
diagnosis of subtle injuries [12]. MRI can also be 
useful for quantifying glenoid bone loss. Three- 
dimensional (3D) computed tomography (CT) en 
face glenoid view has been considered to be the 
gold standard imaging technique to characterize 
glenoid morphology. Using MRI alone over CT 
scan has the benefit of reducing exposure to ion-
izing radiation in the young athlete. Recent stud-
ies suggest that 3D MRI is equivalent to 3D CT 
in determining glenoid bone loss [13]. In general, 
bone loss >20% to 25% is considered critical 
bone loss and dictates surgical management as 
well as prognosis [14, 15].
26.4  Management
26.4.1  Nonoperative Management 
of Anterior Instability
After an athlete sustains an anterior shoulder dislo-
cation, it is important to discuss the risks and bene-
fits of treatment options with the athlete and/or 
family. The in-season athlete may elect to undergo 
nonoperative treatment and complete the season. 
Contraindications to nonoperative in- season man-
agement include failure of prior nonoperative treat-
ment, engaging Hill-Sachs lesion, bony Bankart 
>20%, humeral avulsion of glenohumeral ligament 
lesions (HAGL), and previous failed stabilization 
surgery [6, 7] (Fact Box 3). Despite pressure on 
both the athlete and physician to return the athlete to 
sport as soon as possible, recognizing the relatively 
high rate of recurrent instability, the physician must 
ensure a safe and effective nonsurgical management 
regimen, with proper rehabilitation before clearing 
the athlete to return to play. Although there are no 
well-designed studies looking especially at timing 
of return to play after nonoperative management, 
based on lower-level evidence and expert 
opinion, an athlete may be authorized to return to 
play when he or she has minimal pain, near- normal 
motion, strength, functional ability, as well as 
sport-/position-specific skills.
26.4.2  Immobilization
In the last decade, there has been much debate 
within the orthopedic literature over the optimal 
position of immobilization after an instability 
Fig. 26.1 Axial magnetic resonance arthrogram of the 
right shoulder. The red arrow is pointing to the anterior 
labral detachment
Fact Box 2
MRI with intra-articular contrast will 
improve diagnosis of injury to the chondral- 
labral junction. However, if acquired in an 
acute setting, hemarthrosis acts as natural 
contrast and a plain MRI is adequate.
Fact Box 3
Contraindications to nonoperative manage-
ment of anterior shoulder instability:
In-season athlete
Failure of nonoperative treatment
Large or engaging Hill-Sachs lesion
Glenoid bone loss >20%
Humeral avulsion of glenohumeral ligament 
lesion
Failed previous stabilization procedure
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event and its effect on recurrence. In an MRI 
study to assess the position of the Bankart lesion, 
Itoi et al. [16] described that when the shoulder 
was in external rotation (ER), the musculotendi-
nous complex of the subscapularis became taut, 
thereby indirectly reducing the labrum back to 
the glenoid rim. Based on this finding, the inves-
tigators postulated that the rate of recurrence 
would decrease if the Bankart lesion could heal 
anatomically after traumatic shoulder disloca-
tion. The MRI findings have not always trans-
lated to improved recurrence rate with ER 
immobilization. In a follow-up clinical study, 198 
patients with first-time dislocation were random-
ized to either IR or ER immobilization [17]. With 
intention to treat analysis, the authors reported a 
38.2% relative risk reduction in favor of ER 
immobilization. However, a recent meta-analysis 
of six randomized control trials (632 patients) 
finds no significant difference in rate of recur-
rence among patients treated with IR versus ER 
immobilization. Furthermore, the pooled Western 
Ontario Shoulder Instability Index scores across 
three studies did not demonstrate any difference 
between the two groups [18]. The current best 
available evidence does not appear to support ER 
immobilization after an episode of instability.
Another area of debate has been the optimal 
duration of immobilization. In a Swedish multi-
center prospective study of primary anterior dis-
location of the shoulder, 257 patients were 
followed for 2 years [19]. While 112 patients 
were immobilized for 3–4 weeks, 104 patients 
began to use the shoulder as early and as freely as 
possible. The authors found equal rate of recur-
rence of dislocation for both groups. Additionally, 
pooled data from a systematic review of six stud-
ies (five level I and one level II studies) evaluat-
ing the use of immobilization in internal rotation 
for varying lengths of time found no statistical 
difference in rate of recurrent instability in 
patients who had been immobilized for 1 week or 
less compared to patients who had been immobi-
lized for 3 weeks or longer [20]. The current best 
available literature does not support prolonged 
immobilization after an instability event. 
Furthermore, this review showed that regardless 
of treatment period or immobilization method, 
age of <30 years at the time of index dislocation 
was significantly predictive of recurrence.
In one small study of 30 in-season athletes of 
various sports (wrestling, skiing, gymnastics, 
hockey), Buss et al. [21] were more aggressive 
and did not implement any period of immobiliza-
tion after an instability episode. Physical therapy 
was initiated immediately including wand and 
1 lb free weight exercises as well as periscapular 
strengthening. Athletes were returned to their 
sports when they had symmetrical strength bilat-
erally and a functional range of motion for full 
participation. Following this protocol, most ath-
letes (26 of 30, 87%) were able to return to their 
sports for the complete season at an average of 
10.2 days missed. Of 26 (37%) that returned to 
sports, 10 experienced additional instability 
events during the season. In total more than half 
(16 athletes) underwent stabilization procedure (4 
in-season and 12 off-season). Despite small num-
bers, this study demonstrates that although more 
than half go onto have surgical stabilization, mid-
season athletes are often able to complete the sea-
son following an early rehabilitation protocol.
Braces function to prevent extreme shoulder 
abduction, extension, and external rotation and 
are associated with subjective improvement in 
stability. Although brace wear is advocated by 
many investigators, it has no proven efficiency, 
and no studies have demonstrated a decreased 
frequency of in-season instability events with 
bracing. Nevertheless, these braces may be uti-
lized in outfield players where overhead and out-
stretched arm activities are less critical motions 
compared to goalkeepers.
26.4.3  Operative Management
When looking at first-time anterior dislocation, 
multiple studies have found 75–92% rate of recur-
rent instability in those treated nonoperatively, 
whereas those treated with surgery had 12–14% 
rate of recurrent instability with >30 months of fol-
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low-up [22–24]. There are no definitive markers to 
indicate exactly when in the season to recommend 
surgical stabilization. Instead based on common 
rationale, recurrent instability despite nonoperative 
measures such as maximum rehabilitative efforts, 
bracing, and inability of the athlete to perform 
sports may influence decision to pursue in-season 
surgery. Often for outfield players, the treatment can 
be performed in the off-season with minimal lost 
time and to facilitate adequate rehabilitation.
26.4.3.1  Arthroscopic Stabilization
With the advent of modern arthroscopic techniques, 
implants, and instrumentation, arthroscopic stabili-
zation has become more popular. The arthroscopic 
approach has the added benefit of not disrupting the 
subscapularis. When performing arthroscopic soft 
tissue stabilization, certain principles must be 
adhered to such as using adequate number of suture 
anchors (three or more), achieving an adequate shift 
of capsular tissue along with plication to address the 
laxity, and treating of associated intra-articular dis-
ease [6, 25]. Although initial reports of recurrence 
rates after arthroscopic Bankart were significantly 
higher than open stabilization technique, more 
recent reviews show that no significant difference 
exists between the two approaches with respect to 
recurrence or patient-reported outcomes [26–28] 
(Fig. 26.2).
Terra et al. reported their outcomes after an 
arthroscopic capsulolabral repair in a study of 12 
professional goalkeepers using suture anchors. The 
authors excluded athletes with glenoid bone loss 
>25% or engaging Hill-Sachs, humeral avulsion of 
glenohumeral ligament, and those with poor cap-
sule tissue quality. The goalkeepers were allowed 
to resume competitive play at 6 months postopera-
tively. At final follow-up of 2 years, 4 of 12 (33%) 
reported recurrent instability and went on to have 
additional procedures (one Bristow coracoid trans-
fer procedure, one open Neer’s capsular shift). The 
authors further compared the outcomes of those 
who underwent stabilization following a single epi-
sode of instability to those who had surgery follow-
ing multiple episodes of instability. In the acutely 




Fig. 26.2 Arthroscopic view of the right shoulder from 
the posterior portal demonstrating (a) capsulolabral 
detachment from the glenoid anteriorly, (b) passing of the 
labral tape around the capsule/labrum, (c) finished repair 
using a knotless suture construct
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surgery, was 20%. In contrast, goalkeepers treated 
after multiple events had a much higher failure rate 
of 43%. The authors of this study concluded that 
even among this difficult population of profes-
sional goalkeepers, arthroscopic capsulolabral 
repair can be carried out with good results in those 
with acute dislocation without evidence of signifi-
cant glenohumeral bone loss. However, this study 
suggests that the results arthroscopic soft tissue 
procedures are less predictable in goalkeepers with 
recurrent instability.
26.4.3.2  Bone Block
Although revision surgery by itself is not an 
absolute contraindication to arthroscopic 
approach after failed primary arthroscopic sur-
gery, open techniques including the Latarjet pro-
cedure are often utilized. In Europe, the Latarjet 
procedure is often performed for primary stabili-
zation. In a prospective case-control study of 131 
consecutive patients with recurrent anterior 
shoulder instability, Balg and Boileau [14] devel-
oped a scoring system to identify patients who 
would benefit from an open procedure versus an 
arthroscopic Bankart procedure. Risk factors for 
recurrence were identified and assigned points to 
guide treatment (Fact Box 4). After applying this 
score to the study population, the authors reported 
if the score was six or less, the recurrence rate 
was 10%, but if it was more than six, the recur-
rence rate was significantly higher at 70%.
Cerciello and Walch [5] reported on the out-
come of Latarjet procedure in 28 shoulders of 
semiprofessional or professional football players 
with chronic anterior glenohumeral instability. 
Of the 28 shoulders, 8 were in goalkeepers, and 
patients reported an average of 7.5 dislocations 
before having the surgery. The surgeries were 
performed through a horizontal split at the supe-
rior one-third with inferior two-third junction in 
the subscapularis, and the coracoid was fixed 
with two 4.5 mm malleolar screws. One patient 
was unable to return to football. While 25% 
played football at lower level, the remainder 
(71.4%) were able to return to play football at the 
same level as they did before surgery. Only one 
re-dislocation was noted in a goalkeeper 6 years 
after the surgery. The authors concluded that 
Latarjet procedure is the gold standard in the 
treatment of chronic anterior glenohumeral insta-
bility in football players and especially in the 
high-risk subpopulation of goalkeepers 
(Fig. 26.3).
26.5  Author’s Preferred 
Management
Nonoperative management is considered in the 
early season to midseason for athletes with pri-
mary instability events without significant gleno-
humeral bony lesions. However, for athletes who 
have an injury in the postseason or early pre-
season, depending on the athlete’s goals and level 
of play, early operative management should be 
considered to allow for adequate rehabilitation 
for the following season. Figure 26.4 outlines the 
recommended algorithm for management follow-
ing an instability event. They can be rehabilitated 
with a brief course of sling use for comfort and 
cryotherapy in the first week. Once past the acute 
phase of injury, athletes then follow a protocol of 
rotator cuff and periscapular strengthening exer-
cises along with range of motion exercises. Sport- 
and position-specific drills are initiated prior to 
being cleared to play. It is especially important to 
achieve adequate ROM and strength through 
intensive rehabilitation in goalkeepers where 
their positional demands put them at increased 
risk for recurrent dislocation. After failing 
Fact Box 4. Balg and Boileau’s Shoulder 

















Hill-Sachs visual on AP radiograph
  Visible in ER
  Not visible in ER
2
0




AP anteroposterior, ER external rotation
J.J. Shin and B. Lesniak
pieter.orthopedie@gmail.com
327







-Minimal or no bone loss
Rehabilitation









Fig. 26.4 Anterior instability management algorithm in the athlete
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 nonsurgical measures, athletes may undergo 
Bankart procedure. In the absence of significant 
bone loss, arthroscopic approach is the preferred 
approach in most primary cases. In select cases, 
using principles from the instability severity 
index score by Balg and Boileau [14], we may 
recommend Latarjet procedure over arthroscopic 
soft tissue procedure.
Anterior instability management algorithm in 
the athlete. ROM, range of motion.
Take-Home Message
Anterior glenohumeral dislocation and resultant 
chronic instability are common in young athletes. 
Although predominantly a lower extremity sport, 
epidemiologic studies have shown increasing inci-
dence and severity of shoulder related injuries in 
football. As popularity of football continues to 
grow, team physicians and orthopedic surgeons 
can expect to manage increasing number of such 
injuries. Several factors should be considered 
when managing these athletes following an epi-
sode of shoulder instability. Depending on the 
positional demands, outfield players with predom-
inantly soft tissue pathology may be able to 
quickly return to sport with dedicated rehabilita-
tion. Although there is paucity of literature in the 
efficacy of using braces during competition, 
numerous brands are commercially available, and 
some athletes may find it useful. Athletes unable 
to perform sport-specific drills and recurrent insta-
bility are candidates for surgical stabilization. 
Arthroscopic approaches have become popular 
when treating instability with high rates of suc-
cess. In setting of major bone loss and in certain 
revision cases, open procedures are preferred.
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27.1  Introduction
Groin pain in the athletic population presents a 
diagnostic and therapeutic challenge for the 
sports medicine physician [1]. This is due to a 
number of factors, including the anatomically 
complex nature of the hip and groin regions, as 
well as an extensive list of differential diagnoses 
that can be difficult to tease apart [2]. Furthermore, 
athletic groin pain is not a well-defined clinical 
entity and is referred to by myriad terms includ-
ing “athletic pubalgia,” “Gilmore’s groin,” “oste-
itis pubis,” “slapshot gut,” “sportsman’s hernia,” 
and many more. Hölmich et al. [1] found that the 
majority of causes of groin pain in a group of ath-
letes (mostly footballers) could be categorized 
into three etiologies: pathology of the adductors, 
iliopsoas, or abdominal muscles [1].
The complex anatomy of the hip and groin 
region leads to a strong likelihood of multiple co- 
occurring conditions. Biomechanically, the pubic 
symphysis acts as a “fulcrum for forces generated 
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Physicians must be aware of the fact that 
athletes presenting with groin pain may in 
fact have multiple pathologies causing their 
pain. Many etiologies for groin pain such 
as FAI are known to increase the incidence 
of other groin pain-related pathologies.
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at the anterior pelvis” [3]. Thus, the majority of 
conditions presenting with athletic groin pain are 
related to structures in this region, including the 
transversalis fascia, the distal rectus abdominis, 
the pubis itself, the external oblique aponeurosis, 
and intra-articular processes such as femoral and 
acetabular abnormalities. Therefore, groin inju-
ries are common in sports that heavily engage the 
lower body and involve sudden changes in direc-
tion, such as football [4]. In fact, groin injuries 
constitute up to 13% of all football injuries [1, 5].
Within a given sport, the prevalence of groin 
pain depends on a number of factors, including 
sex and level of competition. In a study directly 
comparing groin pain in male and female foot-
ballers, the authors found these injuries to be 
much more common in males, with an odds ratio 
of 2.9 [2]. A 7-year prospective study conducted 
by the Union of European Football Associations 
(UEFA) found an overall groin injury prevalence 
of 1.1/1000 match and training hours among pro-
fessional players [6], compared to a study of 
amateur competitive footballers which found a 
groin injury rate of 0.4/1000 h [7]. Interestingly, 
both studies reported a mean absence of 15 days 
due to groin injuries. However, while 76% of 
amateur footballers missed 8 or more days, only 
53% of professionals missed the same amount of 
time [6, 7]. This discrepancy may be related to a 
number of factors, including greater availability 
of rehabilitation resources for professional ath-
letes, a higher level of pre-injury of fitness, and 
more motivation to return to sport. In any case, 
with professional teams suffering a mean seven 
groin injuries per season, these injuries are both 
common and costly. In fact, over a 5-year period, 
a study of professional football in Australia found 
that groin injuries alone cost teams a total of 
$AUD23.2 million [8].
Not only are groin injuries costly to teams, 
they can also endanger the playing careers of the 
athletes who suffer from them. In a case series of 
60 patients with chronic groin pain, only half of 
all patients who were treated non-operatively 
returned to sport after 1 year [9]. Among amateur 
and professional footballers, 61–73% of injuries 
were identified as overuse injuries as opposed to 
traumatic injuries [6, 7], which suggests that the 
prevalence of these injuries may increase with 
more cumulative playing time. Finally, while 
there was no statistically significantly difference, 
the UEFA injury study did find that groin injuries 
were more common in the dominant leg (57% vs. 
43%) [6].
The following chapter will be focused on 
return to play in footballers following non- 
operative management of hip/groin pain. Return 
to play following operative treatment will be dis-
cussed elsewhere in this book. This chapter will 
be organized by etiology and begin with an over-
view of adductor-related hip/groin pathology 
before moving on to iliopsoas-related pathology 
including snapping hip syndrome, abdominal 
pathology including “sports hernia,” inguinal 
pathologies, femoroacetabular impingement 
(FAI), and labral tears and, finally, a brief over-
view of other groin pain-related pathologies rel-
evant to footballers. The chapter will conclude 
with a brief summary and takeaway points.
27.2  Adductor-Related Pathology
Hip adductor pathology represents a common 
source of groin pain in football players. The 
adductors of the hip are used when running, kick-
ing, cutting, or pivoting, all of which are common 
and crucial movements while playing football 
[5]. Adductor injury accounted for 64% of hip/
groin injuries in a 7-year prospective study of 
professional football players in the Union of 
European Football Associations (UEFA) [3].
There exist several different forms of hip 
adductor pathology including hip adductor 
strains, adductor tendinopathy, and adductor 
avulsions. Hip adductor strain is an injury of the 
hip adductor muscles at the muscle belly, the 
myotendinous junction, or the tendon. The 
adductor longus myotendinous junction is the 
most commonly injured site in strains [10, 11]. 
This is thought to be due to poor blood supply to 
the pubic bone at the adductor longus tendon 
insertion [12, 13].
In a case series following 19 football players, 
Schlegel et al. found approximately half of 
adductor avulsion injuries occurred due to eccen-
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tric overload (i.e., “cutting back” and changing 
directions quickly) [14]. Thorborg et al. found 
eccentric hip adduction strength to be lower in 
football players with adductor-related groin pain 
in the dominant leg [15]. Furthermore, distur-
bances to the muscular balance can increase the 
load on hip adductors. Examples include foot or 
lower leg malalignment syndromes or leg length 
discrepancy [5]. Ekstrand and Gillquist found 
that decreased preseason hip abduction range of 
motion correlated with future adductor injury 
[16]. Extrinsic risk factors for adductor injury 
include overuse [16]; traumatic strain when the 
hip is in flexion, abduction, and external rotation 
(FABER); as well as maximal knee extension [5].
Hip adductor strain is typically localized to 
the proximal groin area and acute in onset [12]. 
Specifically, the pain is well localized, usually to 
the adductor longus belly, proximal musculoten-
dinous junction, or near the tendon origin on 
inferior pubic ramus [1]. On examination, there 
may be soft tissue swelling and bruising in the 
medial thigh. Symptoms worsen on hip adduc-
tion and/or flexion. Hip adductor tendinopathy 
may begin as a primary condition or be second-
ary to adductor muscle strain [12] and tends to 
develop with increased activity [12]. If left 
untreated, the groin pain can spread to the contra-
lateral groin or suprapubic groin region. In foot-
ball players, adductor tenosynovitis is a common 
result of overuse injury and is seen more often in 
preseason training [5]. Adductor longus avul-
sions are most commonly caused by overstretch-
ing and kicking movements [13]. An acute tear of 
the proximal adductor longus may also occur, 
though this is very rare. These tears are thought 
to occur as a result of eccentric overload while 
forcefully abducting the leg [14]. Footballers suf-
fering from adductor pathology will often have 
functional limitations such as difficulty with piv-
oting turns, propulsion in the lateral direction, 
and loss of maximal sprinting speed [15]. Werner 
et al. found that the average absence from sport in 
individuals with adductor injury was 14 days [3].
The diagnosis of hip adductor pathology 
begins with a physical examination. The adduc-
tor tendon insertion and/or muscle belly are com-
monly tender to palpation. Pain on passive 
abduction of the hip, or pain and weakness dur-
ing resisted adduction and/or flexion, is also sug-
gestive of adductor pathology [12]. Groin pain is 
often reproducible with the FABER test and the 
adductor squeeze test [16]. To perform the 
squeeze test, the patient is positioned supine with 
both hips flexed to 45° and knees flexed to 90°. 
The examiner then places a fist between the knees 
and asks patient to squeeze their knees together 
which may elicit pain in patients with adductor 
pathology [16].
Initial investigations of adductor pathology 
should include plain films of the pelvis and hip. 
Technetium-99m bone scan, showing increased 
uptake, is also correlated to clinical findings of 
adductor-related pain in athletes, though it is not 
often used in practice [17]. Ultrasonography and 
magnetic resonance imaging (MRI) are more 
likely to find adductor injuries compared to clini-
cal examination alone [3]. Ultrasonography may 
also be useful for dynamic evaluation of hip 
pathology and to compare the symptomatic 
extremity with its asymptomatic counterpart 
[18]. Hypoechoic areas and discontinuity of ten-
don fibers correlate with partial ruptures [13, 19]. 
Tendon injuries on MRI are characterized by 
thickening and loss of normal homogenous ten-
don hypointensity, with focal high signal [20]. 
Acute muscle strains are characterized by pat-
terns of edema surrounding the myotendinous 
junction, with varying degrees of architectural 
distortion (retracted muscle). Specifically, the 
extent of anterior pubic bone enhancement and 
adductor longus enthesis enlargement on MRI 
significantly and reproducibly correlates with 
athletes’ current symptoms in chronic adductor- 
related groin pain [21]. Table 27.1 summarizes 
differences on MRI in different adductor-related 
pathologies. Edema may also indicate adductor 
pathology but can also be present in asymptom-
atic athletes (Fig. 27.1).
It is generally recommended that adductor 
pathology be treated non-operatively at first. 
Initial management of an acute adductor strain is 
rest, ice, compression, and elevation to minimize 
inflammation. Nonsteroidal anti-inflammatory 
drugs may be used, although they have not been 
shown to have additive effects on healing acute 
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muscle injury [13]. The footballer should avoid 
painful activities and weight-bear with crutches. 
The athlete should then progresses to a gradual 
muscle strengthening program [22]. The final 
stage of management involves working on sports- 
specific skills. In an active therapy program that 
included muscular strengthening of the adduc-
tors, 79% of football players returned to pain-free 
sports activity [22].
The hip adductors should have at least 80% 
strength of the ipsilateral hip abductors before 
return to play [23]. Length of rehabilitation 
depends on type of pathology and severity of 
injury. Holmich et al. [13] found that footballers 
recovering from adductor strain can return to 
play in 4–8 weeks. Footballers with long- standing 
adductor-related pathology (on average 9-month 
injury) treated with active therapy (physiotherapy 
plus an emphasis on adductor muscle strengthen-
ing and improving postural stability of the pelvis) 
allowed 79% of athletes to return to sports in 
18.5 weeks without groin pain (compared to 14% 
in physiotherapy only). Ueblacker et al. [24] 
found that the average time to return to play using 
non-operative management of adductor avulsion 
in professional football players was 13 weeks. It 
is essential that the patient seeks out rehabilita-
tion guidance from an experienced therapist as 
there is a risk of recurrent adductor strains with 
improper rehabilitation or premature return to 
play [25]. Werner et al. found a 59% incidence of 
adductor reinjury in elite football players [3].
Alternative treatments include trigger point 
injections with lidocaine and/or corticosteroid 
injections if the athlete continues to be symptom-
atic after the above treatment options. 
Furthermore, there are a number of developing 
treatments including platelet-rich plasma injec-
tions and extracorporeal shockwave therapy; 
however, more research on these treatments are 
required to determine their effectiveness.
If non-operative therapy fails after several 
months, surgical options may be considered [10, 
25]. Surgical options include adductor longus 
tenotomy, partial adductor release, and adductor 
reattachment with suture anchors [2]. There 
remains a need for more literature comparing 
operative and non-operative treatment. In a 
meta- analysis by King et al., the return-to-play 
rate and time to return to play after hip adductor 
injury were not significantly different between 
the surgical and non-operative treatment groups 
[4]. In a case series by Schlegel et al., patients 
with complete avulsion of the adductor tendon 
showed faster return to play by 6 weeks in the 
non- operative group compared to the operative 
group [14].
Fig. 27.1 A coronal T2 fat-saturated MR image of a 
high-grade adductor avulsion injury with retracted tendon 
ends and intervening hematoma
Table 27.1 Adductor-related pathology and differences on MRI
Pathology Definition Differences on MRI
Strain Injury of hip adductor muscle at muscle 
belly, myotendinous junction, or tendon
Edema around myotendinous junction, 
+/− hematoma, partial disruption of 
junction
Tendonitis Inflammation of adductor tendon Thickening and loss of homogenous 
tendon hypointensity
Avulsions/rupture/lesion Tear at the origin of the adductor longus 
muscle on the pubic bone
Complete avulsion of tendon with tendon 
retraction
N.S. Horner et al.
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27.3  Iliopsoas-Related Pathology 
and Snapping Hip Syndrome
The iliopsoas is the primary flexor of the hip. It is 
also important in femoral external rotation, lat-
eral bending, flexion, and balance of the trunk 
[26]. Iliopsoas pathology is the second-most 
common cause of athletic groin injury and is the 
primary cause of chronic groin pain in athletes 
(12–36%) [27]. In a total of 628 hip/groin inju-
ries in European professional football players in 
the UEFA, 8% were due to iliopsoas injury [3]. 
Football players missed an average of 11 days 
due to iliopsoas injuries [3].
Iliopsoas pathology commonly includes ilio-
psoas snapping syndrome, iliopsoas tendinitis, 
and iliopsoas bursitis [28]. Iliopsoas snapping 
syndrome is also known as coxa saltans interna, 
or internal hip snapping syndrome. It is charac-
terized by a snapping sound and/or sensation of 
the iliopsoas tendon during movement of the hip. 
The iliopsoas tendon may snap over a number of 
structures including the iliopectineal eminence of 
the pelvis, the lesser trochanter, the femoral head, 
or the iliacus [28–31].
A snapping iliopsoas tendon can lead to ilio-
psoas tendinitis and/or iliopsoas bursitis [32]. 
The iliopsoas tendon and bursa are extremely 
close in proximity, and inflammation of one can 
result in inflammation of the other [33]. As such, 
iliopsoas tendinitis and iliopsoas bursitis often 
coexist and are known together as “iliopsoas syn-
drome” [28].
Iliopsoas pathology is often the result of over-
use. In football players, the pain is precipitated 
by overtraining or excessive hip hyperflexion 
drills [34] and aggravated by increased effort, hip 
flexion, running uphill, running at high speeds, 
and forward kicking [1, 35]. Iliopsoas pathology 
may also be less commonly caused by acute 
trauma [36].
Athletes with symptomatic snapping hip com-
plain of painful snapping with hip flexion or 
repetitive twisting. It is important to distinguish 
internal snapping hip syndrome (iliopsoas- 
related) from external snapping hip syndrome 
(related to the iliotibial band snapping over the 
greater trochanter) [37]. There is generally ten-
derness over the area of the iliopsoas tendon [27, 
38]. The examiner can also use the “active ilio-
psoas snapping test”[39] where the patient’s hip 
is moved from the flexion-abduction-external 
rotation (FABER) position to an extended, inter-
nally rotated position while the examiner pal-
pates the iliopsoas for snapping. The examiner 
may be able to block the tendon from snapping 
by applying pressure directly over the tendon 
[40]. The bicycle test is used to distinguish inter-
nal snapping hip syndrome (caused by the ilio-
psoas) from external snapping hip syndrome 
(caused by the iliotibial band snapping over the 
greater trochanter). To perform this test, the 
patient lies in lateral decubitus position with the 
affected side up and flexes and extends their hip 
while the examiner palpates the iliotibial band. If 
snapping is observed, this points toward external 
snapping hip [26].
Snapping hip syndrome is often diagnosed 
solely based on patient history and physical 
examination. Further diagnostic investigations 
may be used to rule out other pathologies. Plain 
X-rays are often normal in patients with snap-
ping iliopsoas; however, radiographs may still be 
useful to rule out osseous abnormalities and 
evaluate for signs of femoroacetabular impinge-
ment [28, 41]. Ultrasonography is useful in diag-
nosing iliopsoas bursitis and tendinitis. 
Peritendinous fluid collection beneath and sur-
rounding the tendon suggest bursitis, and tendon 
thickening and/or abnormal foci of hypoecho-
genicity within tendon suggest tendinitis [32, 
41]. Dynamic ultrasonography allows for obser-
vation of the iliopsoas under active testing. MRI 
Fact Box
Ultrasound can be useful for dynamic eval-
uation of snapping hip syndrome as one 
can range the hip while performing an 
ultrasound to evaluate for signs of snapping 
of the iliopsoas tendon.
27 Joint Specific Return to Play Recommendations: “Return to Play in Non-operative Hip/Groin Pain”
pieter.orthopedie@gmail.com
336
can be utilized to assess for further abnormali-
ties, such as chondral or labral changes. MRI 
may also help visualize edema of the iliopsoas 
and bursitis [42] (Fig. 27.2).
In a pain-free snapping hip, this issue is 
self- limiting. Symptomatic snapping hip is ini-
tially managed conservatively [40]. The foot-
ball player should avoid aggravating activities. 
Rest, ice, compression, elevation, and anti-
inflammatory medications are initially recom-
mended to decrease inflammation. A stretching 
program helps reduce the iliopsoas tension [23, 
33]. Ultrasound-guided corticosteroid injec-
tion into the iliopsoas bursa temporarily 
reduces symptoms of iliopsoas bursitis and 
iliopsoas tendinitis [32, 33, 41, 43]. There 
remains a need for further studies to provide 
detailed outlines and results of conservative 
treatments prescribed for athletes with ilio-
psoas pathology, particularly football players. 
In a 7-year longitudinal study of UEFA foot-
ball players, there was a 4% recurrence rate 
after 2 months in iliopsoas pathology after 
appropriate rehabilitation and rest [3]. Surgical 
intervention is indicated when patients have 
failed at least 3 months of a conservative man-
agement program [28]. Surgery may also be 
considered if the football player is unable to 
perform at an acceptable level [34]. Surgical 
procedures include releasing or lengthening of 
the iliopsoas tendon [2].
27.4  Abdominal Pathology 
and Inguinal Disruption
One of the etiologies of groin pain in athletes 
is abdominal musculature abnormalities, includ-
ing “sports hernia.” Sports hernia is a broad term 
used to describe inguinal pain in athletes [44]. 
Originally, it was described by Gilmore [45] in a 
series of 313 athletes consisting mostly of foot-
ballers [45]. It has since been referred to by vari-
ous names in the literature, including sports 
hernia, athletic pubalgia, Gilmore’s groin, and 
sportsman’s hernia. In 2014, the British Hernia 
Society endorsed the term “inguinal disruption” 
as opposed to “sports hernia” and defined it as 
“pain…which occurs predominantly in the groin 
area…where no obvious other pathology, such as 
a hernia, exists to explain the symptoms”[46]. 
This definition and terminology will inform the 
focus for the following section.
The inguinal region is anatomically complex 
and in close proximity to the abdominal muscula-
ture. The groin triangle, as defined by Falvey et al., 
Fig. 27.2 Coronal (left) and axial (right) T2 fat-saturated MR images in a patient with bilateral iliopsoas tenosynovitis, 
with the left side being worse than the right
Fact Box
Sports hernia goes by many different terms 
in the literature, including but not limited 
to “Gilmore’s groin,” “sportsman’s hernia,” 
and “athletic pubalgia.”
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is a useful anatomical approach to identifying the 
source of groin pain in athletes [47]. The superior 
border of this triangle, which coincides with the 
location of the inguinal ligament, is the line 
between the anterior superior iliac spine (ASIS) 
and the pubic tubercle. The inguinal ligament itself 
is a thickening of the aponeurosis of the external 
oblique muscle. The structures immediately supe-
rior to this ligament, lateral to medial, include the 
conjoint tendon of iliopsoas passing beneath the 
inguinal ligament, the ilioinguinal and iliohypo-
gastric nerves, and the genital branch of the geni-
tofemoral nerve. Most medially, the insertions of 
the rectus abdominis, external oblique, internal 
oblique, and transversus abdominis are found 
close to the pubic tubercle. As well, the inguinal 
canal, bordered inferiorly by the inguinal liga-
ment, runs a similar course, with its deep ring lat-
erally and its superficial ring more medially [47]. 
Using the groin triangle, these superior border 
structures are the ones most often implicated in 
abdominal pathology resulting in groin pain [47].
In a study of semi-elite footballers, Hölmich 
et al. [1] found that lower abdominal pain was 
one of three major etiological categories in this 
group of athletes, implicated in 10% of foot-
ballers with groin pain [1]. In addition, inguinal 
disruption presents overwhelmingly in male ath-
letes, with only 10% of patients being women 
[44]. Historically, lower rates of female athletic 
participation were thought to be responsible for 
this striking discrepancy [48]. However, given 
that the male-to-female ratio has not changed sig-
nificantly despite increasing female participation 
in sports, it is likely that anatomical differences 
are a more important contributing factor. These 
differences include a lighter female pelvis and a 
different pattern of force distribution due to a 
wider subpubic angle in females [48]. It is 
thought that with repeated cutting, pivoting, and/
or kicking motions, the rectus tendon insertion is 
more prone to disruption, and the posterior ingui-
nal wall is weakened, thus predisposing foot-
ballers to inguinal disruption. The classic 
presentation for inguinal disruption is lower 
abdominal or deep groin pain, which may be of 
insidious or sudden onset, is worsened with activ-
ity, and improves with rest [4]. The pain may 
radiate into the perineal region, the suprapubic 
region, or the inner surface of the femur [44].
Inguinal disruption can represent a diagnostic 
challenge. Often, there are no findings on exami-
nation [4]. Careful palpation of the lower abdo-
men, adductors, and pubic tubercle and symphysis 
are essential [49]. In addition, a resisted sit-up 
while the rectus abdominis insertion is palpated 
may elicit the patient’s symptoms [50]. On exam-
ination, it is important to rule out a true inguinal 
hernia (discussed in the next section), which by 
definition would eliminate inguinal disruption as 
a diagnosis. As well, while it is beyond the scope 
of this chapter, it is always important to consider 
intra-abdominopelvic etiologies for lower 
abdominal pain, particularly in the female ath-
lete. Imaging can be helpful in the diagnosis of 
inguinal disruption. Plain radiographs are useful 
in ruling out bony pathology, while magnetic 
resonance imaging (MRI) can identify strains 
and tears of the abdominal muscles or the con-
joint tendon, as well as bone marrow edema at 
the pubis. One study reported that, when com-
pared to intraoperative findings, MRI was 68% 
sensitive and 100% specific for rectus abdominis 
pathology [51]. Finally, dynamic ultrasonogra-
phy may be helpful in identifying posterior ingui-
nal wall deficiency if it is displaced anteriorly 
with Valsalva, but it is difficult to identify and is 
quite operator-dependent [52–55] (Fig. 27.3).
The first-line treatment for inguinal disruption 
should be conservative management. A period of 
4–8 weeks of rest (along with nonsteroidal anti- 
inflammatories, heat or ice, and massage) is the 
first step [4, 44]. This should be followed by a 
rehabilitation program focused on achieving bet-
ter core strength and dynamic pelvic stability 
under the supervision of a specialized physiother-
apist or sports physiologist. For athletes who are 
in season and wish to continue playing, a resting 
period of 4 weeks is recommended. As well, 
injections of steroids or platelet-rich plasma 
(PRP) may be helpful, though there is not enough 
evidence regarding their efficacy at this time [56]. 
Table 27.2 summarizes a four-phase rehabilitation 
protocol for athletes with inguinal disruption, 
which allows return to play at 10–12 weeks. 
Overall, there is limited evidence for long-term 
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Fig. 27.3 (Top left, top right) Axial and (bottom middle) 
coronal T2-weighted fast spin-echo fat-saturated MR 
images showing disruption at the right rectus abdominis- 
adductor aponeurotic plate attachment at the pubis 
(straight white arrows). The curved white arrows show 
the normal-appearing aponeurotic plate attachment on the 
asymptomatic left side
rest, +/− radiating to perineal, suprapu-
bic, or femoral regions
• Diagnosis: examination may be normal, 
careful palpation and resisted sit-up 
may elicit symptoms
• Investigations: radiographs to rule out 
bony pathology, MRI to investigate soft 
tissue pathology, dynamic ultrasonog-
raphy
• Treatment
 – Non-operative: 4–8 weeks of rest, 
NSAIDs, ice, four-phase rehabilita-
tion program over 10–12 weeks 
before return to play
 – Operative: repair of abdominal mus-
culature, mesh reinforcement, pelvic 
floor repair
success with conservative management of ingui-
nal disruption, and most athletes will require sur-
gical intervention [57–59]. Failure rates are 
difficult to quantify as there is a lack of literature 
with long-term follow-up of non- operatively 
treated inguinal disruption [60]. Surgical options 
include repair of abdominal musculature, mesh 
reinforcement, and pelvic floor repairs [4].
Fact Box
Abdominal Pathology and Inguinal 
Disruption
• Epidemiology: 90% of patients are male 
(likely anatomical)
• Presentation: lower abdominal or deep 
groin pain, insidious or sudden onset, 
worsened with activity, improved with 
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Table 27.2 Four-phase program for non-operative management of inguinal disruption
Weeks 
post- injury Details
Phase I 1–2 – Analgesia and anti-inflammation
– Postural education
– Transversus abdominis (TA) recruitment
– Hip and lumbar spine ROM
– Gentle active stretching
– Side lying hip abduction and extension
Phase II 2–4 – Cardiovascular exercise
– Gait training
– Continue TA recruitment
– Achieve functional to full ROM in lumbar spine, increase hip ROM
– Sciatic core strengthening to maintain neutral spine
– Increase recruitment of hip and pelvic stabilization
– Functional strength with double leg exercises, progress to single leg
– Spine and hip mobilization with addition of rotation
Criteria to be met before progression to phase III:
– Decreased pain with ADLs <2/10
– Functional to full ROM in lumbar spine and hips
– Ability to maintain TA contraction with single leg activity
– No pain with ambulation
– No Trendelenburg gait or sign
Phase III 4–6 – Cardiovascular exercise with resistance
– Good pelvic stability and TA recruitment with ambulation
– Gait training and pelvic proprioceptive neuromuscular function (PNF) patterns
– Functional to full ROM in lumbo-pelvic area and hips
– Dynamic core training and use of unstable surfaces
– Single leg functional activity and balance disturbances
– Continue active stretching
– Myofascial release and soft tissue work
Criteria to be met before progression to phase IV:
– No pain with ADLs, ambulation, or fast-paced walking
– Full function ROM in hips, pelvis, and lumbar spine
– Ability to maintain neutral spine with standing, sitting, walking, single-leg activity even with unstable surfaces or 
perturbations
– Able to recognize and correct postural dysfunction
Phase IV 6–8 – Cardiovascular warm-up specific to sport
– ROM progressed to full if previously functional
– Stretching interspersed with static stretching
– Strengthening in functional isotonic, isometric, and isokinetic fashion




8–12 Progress as tolerated to full return-to-sports readiness
Adapted from Ellsworth et al. [103]
27.5  Inguinal Pathology
As discussed above, the inguinal canal is closely 
related to the abdominal musculature. The ingui-
nal canal passes obliquely through the abdominal 
wall and is bordered inferiorly by the inguinal 
ligament. The anterior wall is formed by the 
internal oblique and external oblique muscles. 
The posterior wall is formed by the transversalis 
fascia and conjoint tendon. The posterior wall is 
weaker in males due to testicular descent from 
the abdominal cavity to the scrotal cavity.
A true inguinal hernia can be indirect or direct. 
Embryologically, as the testes descend from the 
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abdomen into the scrotum, they leave behind a 
patent processus vaginalis. In an indirect hernia, 
peritoneal contents, such as mesenteric fat and/or 
loops of bowel, protrude into the inguinal canal. 
This often occurs in infants or young adults. A 
direct hernia occurs when there is protrusion of 
peritoneal content directly through a defect in the 
abdominal wall.
As previously discussed, the Manchester con-
sensus definition of “inguinal disruption” must 
exclude a true hernia. This decision was made 
because true hernias were rarely found in elite 
and amateur athletes [55, 61]. In support of this, 
Falvey et al. evaluated 382 athletes with groin 
pain with MRI and found no true hernias [5]. 
Kluin et al. evaluated 14 athletes with undiag-
nosed groin pain under endoscopy [62]. Of the 
five football players who were evaluated, three 
presented with sportsman’s hernia, one with an 
obturator hernia, and one with a lipoma.
Although football players are prone to ingui-
nal disruption because of actions that weaken the 
posterior wall, such as kicking and twisting of the 
torso, they are no more prone to true inguinal her-
nias compared to the general public [25].
Inguinal hernias can cause a burning, aching 
sensation in the groin. There is a palpable abdom-
inal bulge when the patient coughs or strains, 
which may disappear when patient is in prone 
position. Small hernias may only be painful on 
exertion [25].
Ultrasound and MRI can help diagnose a her-
nia in patients without a palpable impulse or 
bulge. Ultrasound is accurate in finding true 
inguinal hernias that correlate with clinical find-
ings [63]. Herniography is a more invasive inves-
tigation, where radiographs are taken after 
iodine-based contrast medium is injected into the 
hernial sac. Ultrasound has been found to be 
more accurate than herniography [63]. In an 
ultrasound evaluation of the hernia, the patient 
must repeatedly perform Valsalva maneuvers for 
accuracy in diagnosis [64]. The diagnosis of a 
direct hernia is clear on ultrasound and is seen as 
abdominal contents protruding through the defect 
(the hernia) in Hesselbach’s triangle. A positive 
sign for indirect inguinal hernia is internal ingui-
nal ring dilating and abdominal contents protrud-
ing into the inguinal canal. The presence of a 
hernia on ultrasound will generally be more pro-
nounced when the patient performs a Valsalva 
maneuver.
In the case of an asymptomatic or minimally 
symptomatic inguinal hernia, watchful waiting is 
considered first-line [61]. Surgery may be war-
ranted if the hernia becomes symptomatic, or 
when acute complications occur, such as incar-
ceration or strangulation. Surgical interventions 
include open or laparoscopic hernia repair [61].
27.6  Femoroacetabular 
Impingement
Femoroacetabular impingement (FAI) is an 
intra-articular cause of groin pain that is thought 
be related to the development of osteoarthritis 
[65]. FAI occurs as a result of either abnormal 
femoral head and neck anatomy, termed cam 
impingement, or abnormal acetabular anatomy, 
termed pincer impingement. These deformities 
can occur either in isolation or in a combined- 
type FAI [66]. FAI is thought to occur more com-
monly in individuals with a high physical activity 
level during adolescence [67]. In particular, 
sports such as football that include repetitive hip 
flexion may cause the development of FAI and 
chondrolabral damage [38]. Although definitive 
treatment of FAI requires surgical intervention, 
many studies recommend a trial of non-operative 
management first [68].
Footballers with symptomatic FAI will typi-
cally complain of groin pain which is worsened 
with activity, particularly hip flexion. FAI may 
result in limited ROM, particularly internal rota-
tion, either due to pain or bony impingement. 
Fact Box
Cam impingement—femoral head deformity
Pincer impingement—acetabular-sided 
deformity
Mixed- (or combined-type) impinge-
ment—both femoral- and acetabular-sided 
deformities
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Patients will have increased groin pain with 
simultaneous flexion, adduction, and internal 
rotation of the hip, also known as an anterior 
impingement test. X-ray findings of cam FAI 
include a “pistol grip deformity,” an increased 
alpha angle, and a decreased head-neck offset 
ratio. A positive crossover sign, where the poste-
rior wall of the acetabulum crosses over the ante-
rior wall on an anteroposterior (AP) view, is 
indicative of pincer impingement. A subsequent 
MRI of the hip joint is useful in determining the 
presence of other associated pathology such as 
labral tears. It should be noted that it is important 
to correlate radiographic findings with clinical 
symptoms and physical exam findings as many 
asymptomatic individuals will have radiographic 
findings of FAI [69].
Feeley et al. found that only 5% of all hip 
related injuries in National Football League 
players had intra-articular pathology [70]. 
However, football players with intra-articular 
pathology were found to have the highest aver-
age days missed before return to sport (94.2 days) 
and the highest rate of need for surgical interven-
tion (24%). Therefore, although intra-articular 
pathology may be relatively uncommon as the 
source of groin pain in footballers, it may be the 
most severe.
Currently the literature reporting outcomes of 
patients with FAI managed non-operatively is 
limited. A systematic review of literature found 
only five primary research studies that reported 
outcomes after non-operative treatment of FAI 
[71]. Of these five primary research articles, three 
reported favorable outcomes. Sixty-five percent 
of all of the studies in this systematic review indi-
cated that non-operative treatment as initial man-
agement was appropriate, with physical therapy 
and activity modification being the most com-
mon non-operative treatments recommended. It 
should be noted that the included studies in the 
review were generally of low-level evidence and 
included a limited number of patients [71].
The goals of physiotherapy in the manage-
ment of FAI can be to increase the pain-free 
range of motion (ROM) of the hip, to optimize 
the balance between muscle strength and length, 
and to reduce anterior femoral glide [68, 72]. 
Some studies have reported positive results treat-
ing athletes with physiotherapy for FAI [70], 
whereas others have found it to have little to no 
effectiveness [73]. Despite the contradicting evi-
dence on the utility of physiotherapy and activity 
modification for FAI, these modalities are gener-
ally viewed as harmless.
NSAIDs are another conservative treatment 
option discussed in the literature for the manage-
ment of FAI [72]. NSAIDs are expected to 
decrease pain secondary to inflammation and 
increase pain-free ROM. However, many of these 
studies use NSAIDs in conjunction with other 
treatment options, making it difficult to discern 
the actual efficacy of these medications as the 
outcomes may be confounded by the other con-
servative treatment modalities used [72, 74].
Intra-articular corticosteroid or hyaluronic 
acid (HA) injections may also be useful in the 
treatment of FAI in football players. One case 
series consisting of 23 patients found significant 
improvement across a number of outcome mea-
sures using HA to treat patients with mild FAI 
[27]. A different 54-patient study found that only 
37% of patients with FAI had clinically signifi-
cant pain relief 2 weeks after receiving an intra- 
articular corticosteroid injection [75]. 
Intra-articular injections may also serve as a use-
ful diagnostic tool as a negative response to an 
intra-articular injection with anesthetic has been 
shown to predict a higher likelihood of having a 
negative result from surgery in FAI patients [76].
To the best of the authors’ knowledge, there 
exists no experimental data on the results obtained 
from osteopathic or chiropractic treatment of 
FAI. In fact, some authors caution the use of 
osteopathic methods in the treatment of FAI as 
strong flexing mobilization maneuvers often used 
by osteopaths may cause further labral injury 
[77].
In summary, the applicability of non-operative 
management in the treatment of FAI remains 
debatable due to limited evidence and a limited 
ability to address the bony deformities which 
cause FAI. Although there is debatable efficacy 
of many of these conservative treatment options, 
given the limited side-effect profile and the 
chronic nature of FAI which does not require 
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urgent surgical treatment, a trial of conservative 
treatment is recommended prior to surgical 
management.
27.7  Other Pathologies
A number of other pathologies that may present 
as hip/groin pain in footballers are discussed 
briefly in this section. Myositis ossificans is a 
rare complication of traumatic muscle contusion, 
which is characterized by heterotopic ossification 
within the hematoma, most commonly in the 
thigh but on rare occasions presenting in the 
groin [78, 79]. There is limited evidence for the 
treatment of this condition in the athletic popula-
tion; however, various case reports have success-
fully treated this condition both operatively and 
non-operatively [79–81]. Obturator nerve com-
pression is recognized as an important cause of 
groin pain in athletes. It most commonly presents 
with radiating pain and paresthesias in the medial 
thigh. The definitive management for this condi-
tion is surgical neurolysis, which has shown 
promising results and prompt return to play in 
numerous studies [82–84].
Owing to its direct involvement in both sprint-
ing and kicking motions, tears and avulsions of 
the rectus femoris are an important though rare 
injury among footballers, with incidence esti-
mated at <1% [85]. These injuries usually present 
with severe, acute onset anterior thigh pain wors-
ened with contraction of the quadriceps femoris 
[86]. Though there is no consensus on the appro-
priate management of rectus femoris avulsions, 
non-operative management may be attempted. 
This includes rest, ice, compression, elevation 
(RICE), nonsteroidal anti-inflammatories 
(NSAIDs), and a stepwise progression beginning 
with isometric exercises and progressing to iso-
tonic and isokinetic exercises before return-to- 
sports-specific exercises. However, based on 
numerous reports of footballers who have sus-
tained rectus femoris tears, surgical management 
was ultimately required in all cases [85, 87, 88]. 
Overall, hamstring injuries are among the most 
common injuries in football, estimated at 12–16% 
of all injuries [3, 16, 89, 90]. Proximal tears and 
avulsions of the hamstrings, however, are serious 
and rare injuries which can present with groin 
pain [91]. Due to their rarity, there is a lack of 
literature comparing conservative and operative 
management, but available data suggests better 
outcomes and higher rates of return to play in a 
variety of different sports with operative manage-
ment [92–95].
Stress fractures account for 0.5% of all foot-
ball injuries and occur at a rate of 0.04/1000 
match and training hours at the professional 
level, though are much rarer in the femoral neck 
[3]. In the rare case that they do happen, these 
injuries can often be managed conservatively and 
prevented through reduction of training intensity 
and frequency [96]. Hip fractures and disloca-
tions are uncommon in football, but need to be 
recognized and treated promptly with either open 
or closed reduction and fixation as necessary [97, 
98]. Degenerative joint disease is a concern for 
aging and retired footballers, though it is more 
common in the ankle (5–7%) and knee (19–21%) 
than the hip (1–4%) [99]. When it does present in 
younger athletes, it can be a diagnostic challenge 
due to the higher pain tolerance, but the course of 
treatment is the same as in older individuals 
[100]. Intra-articular loose bodies, though not 
specific to football, can mimic other conditions 
such as snapping hip syndrome as they present 
with anterior groin pain and mechanical symp-
toms such as locking, clicking, and giving way 
[101]. In addition to traumatic causes, loose bod-
ies can be secondary to other pathologies includ-
ing Perthes disease, synovial chondromatosis, 
and osteoarthritis, among others [101]. Early sur-
gical intervention and removal of loose bodies, 
most commonly by arthroscopy, are the gold 
standard of treatment [102].
 Conclusions
Groin pain in football players represents a 
challenging clinical problem for clinicians 
given the fact that many different pathologies 
will have very similar presentations and to fur-
ther complicate issues, many of the patholo-
gies may occur simultaneously. Therefore it is 
critical that a thorough history and physical 
exam be performed in addition to appropriate 
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imaging in order to ensure a proper diagnosis 
is made. Adductor pathology is the most com-
mon cause of groin pain in footballers; how-
ever, the differential diagnoses that must be 
considered are quite extensive as discussed in 
this chapter. Intra-articular sources of groin 
pain, although relatively uncommon, have 
been shown to cause footballers to miss the 
most time from sport. The vast majority of 
pathologies causing groin pain can be man-
aged at minimum with a trial of conservative 
treatment. That being said, in general the lit-
erature examining the conservative manage-
ment of groin pain is of low level of 
evidence.
Take-Home Message
• Groin pain is a common injury in footballers 
of all levels.
• Adductor pathology is the most common 
cause of groin pain in footballers, but a large 
differential diagnosis must be considered 
including abdominal, intra-articular, inguinal, 
and iliopsoas-related pathologies.
• Though the majority of groin pain pathologies 
can be treated with a trial of conservative man-
agement as first-line, the evidence for non-
operative management is limited, and many 
ultimately require operative management.
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28.1  Introduction
Femoroacetabular impingement (FAI) is the most 
common cause of pre-arthritic pain and second-
ary chondrolabral pathology in the non- dysplastic 
hip in the competitive athlete; the spectrum of 
complex structural variance and loading charac-
teristics within the hip joint, potentially leading 
to debilitating pathology, continues to grow as an 
orthopedic concern [1]. Advancements in diag-
nostic modalities and improved practitioner 
awareness have resulted in significantly increased 
recognition and treatment of the symptomatic 
young, non-arthritic hip. While the concept of 
FAI was first described by Smith-Peterson in 
1936 [2], it was Ganz and colleagues who pio-
neered much of the modern modalities used for 
the diagnosis and treatment of FAI, elucidating 
the pathophysiology which creates abnormal 
loading mechanics and results in secondary 
degenerative changes within the hip joint [3–5].
Mechanical impingement at terminal hip range 
of motion leads to regional loading of the femoral 
head-neck junction against the acetabular rim, pre-
cipitate tearing, or detachment of the acetabular 
labrum from the articular cartilage [6]. Terminal 
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range of motion is also often restricted due to the 
structural pathology, often complicating intra-artic-
ular injury in football players, who often push hip 
range of motion to the extremes [7]. During 
dynamic cyclic hip motion, repetitive impaction 
and abnormal regional loading of the femoral head-
neck junction against the acetabular rim may also 
cause microtrauma and chondral delamination [5, 
8–12]. Football players may be particularly predis-
posed to injury due to the high- impact nature of the 
sport along with the extreme hip biomechanical 
movements required of the hip for participation.
Localization of these injuries is typically at 
the anterosuperior region of the acetabular rim 
with concomitant disruption at the adjacent tran-
sition zone of the articular cartilage and reflects 
the topography of deformity. Early diagnosis and 
management of these injuries are critical, as their 
severity often correlates with the severity of the 
pathomorphology and the time between symp-
tom onset and treatment [13–17]. FAI may be 
particularly disabling to the high-demand  football 
player with significant cutting and pivoting 
requirements; therefore, a clear understanding of 
the etiology, diagnosis, management, and out-
comes is essential for clinicians to optimally help 
patients to return to play [18]. Figure 28.1 dem-
onstrates pre- and postoperative radiographs of a 
a b
c d
Fig. 28.1 (a, b) Anteroposterior and lateral radiographs 
of a right hip which demonstrates a significant femoral 
CAM deformity and acetabular retroversion. (c, d) 
Postoperative radiographs following femoral osteochon-
droplasty, acetabular osteochondroplasty, and labral 
repair, demonstrating corrected deformities
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right hip which underwent hip arthroscopy for 
the treatment of combined-type FAI.
28.2  Femoroacetabular 
Impingement in Football 
Players
A significant number of athletes at all levels, 
from recreational to professional players, present 
with hip pain and functional disability due to FAI 
[19–21]. Symptomatic hip pain related to FAI is 
commonly diagnosed with athletic activities that 
may require increased ranges of motion. 
Examples include cutting motions and repeated 
changes of direction as seen in American football 
and soccer, increased hip flexion/abduction/inter-
nal rotation as seen in ice hockey, and supraphys-
iological ranges of motion as seen in dance [22]. 
These athletes often push their hips to extreme 
ranges of motion, particularly with internal rota-
tion. Football players are subject to increased 
axial and rotational loads during competition, up 
to 12 times of their body weight. The full spec-
trum of competition levels is represented, from 
recreational weekend warriors to elite profes-
sional athletes [23, 24]. In addition, symptomatic 
FAI has been demonstrated to be more common 
in certain types of athletes as compared to the 
general population [25–28].
28.2.1  Hip Biomechanics in Football 
Players
The movement requirements of the hip and knee 
of elite American football athletes during 
dynamic, game-like athletic tasks continue to be 
quantified in the literature. Knowledge of the req-
uisite hip range of motion for elite American 
football players is important to provide recogni-
tion of athletes with FAI who may be more sus-
ceptible to hip injury. Furthermore, this 
information helps to establish practical targets 
for restoration of motion with surgical treatment 
or rehabilitation. The compensatory mechanisms 
of injury secondary to restricted hip motion, as 
well as the impact of restricted hip motion on 
other joints in the kinetic chain such as the knee, 
are increasingly being recognized.
Deneweth et al. analyzed the hip and knee 
kinematics on 40 American National Collegiate 
Athletic Association (NCAA) football athletes 
of various position groups as they performed 
game- like maneuvers [29]. Average hip passive 
ROM across all players was measured to be 
102° ± 15° of flexion, 25° ± 9° of internal rota-
tion, and 25° ± 8° of external rotation. These 
ranges were not significantly different across 
positions. Hip internal and external rotation 
requirements were also similar across positions, 
suggesting that internal rotation ROM deficits 
may universally affect athletes required to per-
form cutting or sidestep maneuvers, independent 
of position. FAI has been associated with 
restricted hip ROM, particularly decreased ter-
minal flexion and internal rotation, potentially 
causing significant loss of performance and sus-
ceptibility to injury [10].
Kapron et al. demonstrated that alpha angle 
and head-neck offset were significantly corre-
lated with decreased hip internal ROM in a pro-
spective analysis of 65 NCAA American football 
players [30]. Repetitive impingement and bony 
collisions secondary to structurally restricted hip 
ROM during high-intensity athletic activity may 
result in chondrolabral injury within the joint 
and subsequent progression to hip osteoarthritis 
[4, 5, 31]. Additional adverse compensatory 
musculoskeletal injuries may also be resultant 
from restricted hip ROM secondary to abnormal 
kinematic changes to the lower extremity kinetic 
chain [32–34]. Several recent studies have sug-
gested a relation between radiographic indica-
tors of hip impingement and an increased risk for 
anterior cruciate ligament (ACL) injury at the 
knee [32, 35, 36]. It has been proposed that 
restricted hip internal rotation results in the need 
to achieve a greater range of tibial internal rota-
tion during intensive athletic motions and 
thereby increase the likelihood of ACL injury 
[32, 37].
Bedi et al. analyzed 224 American football 
athletes attending the 2012 NFL National 
Invitational Camp and found that a reduction in 
internal rotation of the left hip was associated 
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with a significantly increased odds of ACL injury 
in the ipsilateral or contralateral knee [32]. The 
authors noted that that a 30-degree reduction in 
left hip internal rotation was associated with 4.06 
and 5.29 times greater odds of ACL injury in the 
ipsilateral and contralateral limbs, respectively. 
In the same study, the authors also demonstrated 
that FAI systematically increased the peak ACL 
strain predicted during the pivot landing using an 
in silico biomechanical model. In addition to 
injuries about the hip joint, FAI may be associ-
ated with ACL injury because of the increased 
resistance to femoral internal axial rotation dur-
ing a dynamic maneuver such as a pivot landing.
28.2.2  Demographics
Nawabi et al. recently performed a retrospective 
review of 622 athletes (288 high-level, 334 recre-
ational) of various sports who underwent hip 
arthroscopy for FAI in an attempt to determine 
demographic differences in age, gender, and the 
need for bilateral surgery for high-level athletes 
as compared to recreational athletes [22]. The 
authors determined that high-level athletes were 
associated with younger age (mean age, 
20.2 years vs. 33.0 years; odds ratio, 0.69; 
P < 0.001) and male gender (61.5% vs. 53.6%; 
odds ratio, 1.75; P = 0.03). The authors also 
found that high-level athletes received bilateral 
surgery more frequently (28.4% vs. 15.9%); 
however, the significance of this relationship was 
determined to be confounded by age. High-level 
male athletes undergoing surgery most com-
monly participated in ice hockey followed by 
American football, as compared to high-level 
females who most frequently participated in soc-
cer followed by dance.
Cutting sport athletes (soccer, basketball, 
lacrosse, and field hockey) represented the larg-
est group of patients by sport category, followed 
by athletes involved in impingement sports (ice 
hockey, crew/rowing, baseball catcher, water 
polo, equestrian polo, and breaststroke swim-
mer). Cutting athletes underwent surgical man-
agement at a significantly younger age 
(19.2 years) as compared to flexibility athletes 
(dance, gymnastics, yoga, cheer, figure skating, 
and martial arts) (20.9 years; P = 0.03), contact 
athletes (American football, rugby, and wres-
tling) (mean age: 21.3 years; P = 0.005), and 
impingement athletes (mean age: 21.3 years; 
P < 0.001). Athletes performing flexibility sports 
underwent ligamentum teres debridement signifi-
cantly more frequently as compared to impinge-
ment sports (P = 0.004) and asymmetric sports 
(baseball, softball, tennis, golf, volleyball, and 
field events) (P = 0.03).
The types of sports that provoke symptomatic 
FAI require differing movements around the hip 
and the pelvis. In addition to influencing the age 
at which these athletes present with symptoms, 
the category of sport may be predictive of the pat-
tern of intra-articular damage or compensatory 
pathology. For example, contact athletes may be 
at higher risk of impingement-induced posterior 
hip subluxation or dislocation because of the 
high-impact nature of these sports. In a case 
series of athletes with posterior instability and 
associated acetabular rim fractures, 15 of 22 
Fact Box 1
• FAI has been associated with restricted 
hip ROM, particularly decreased termi-
nal flexion and internal rotation, poten-
tially causing significant loss of 
performance and susceptibility to injury.
• Repetitive impingement and bony colli-
sions secondary to structurally restricted 
hip ROM during high-intensity athletic 
activity may result in chondrolabral 
injury within the joint and subsequent 
progression to hip osteoarthritis.
• FAI may be associated with ACL injury 
because of the increased resistance to 
femoral internal axial rotation during a 
dynamic maneuver such as a pivot 
landing.
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patients were American football players and one 
was a wrestler [38].
These findings highlight that there may be 
important differences between athletes of differ-
ent sports with corresponding implications for 
management and correction of deformity. In 
addition to age-related factors, the unique biome-
chanical demands on the hip applied by different 
categories of sport may significantly influence 
the development of symptomatic FAI in varying 
athletes. For example, the flexibility athletes are a 
unique group in that rehabilitation philosophy is 
different compared to the cutting athlete. 
Rehabilitation focus is on mobility in the more 
standard FAI patient, such as the cutting athlete, 
whereas undercovered patients with FAI, such as 
flexibility athletes, have a focus on neuromuscu-
lar stability. The category of sport may be predic-
tive of a particular pattern of intra-articular 
damage or compensatory pathology. Krych et al. 
performed a retrospective review to analyze 22 
mixed-sport athletes presenting with posterior 
acetabular rim fractures with subsequent poste-
rior instability and found that 81.8% had alpha 
angles >45° and 77.3% had associated ligamen-
tum teres avulsion, suggesting an association 
between these pathologies. Nawabi et al. also 
demonstrated significantly more frequent find-
ings of ligamentum teres pathology, but these 
were more common in flexibility athletes. 
Awareness of varying demographics among dif-
ferent groups of athletes is important to identify 
the individual needs of patients when considering 
preventative, nonoperative, or surgical manage-
ment options.
28.2.3  Increased Prevalence of FAI 
in American Football Players
Feeley et al. reviewed the NFL Injury Surveillance 
System and demonstrated a significant trend 
toward increased hip injuries per year among 
these elite athletes from 1997 to 2006 [39]. The 
authors noted that while intra-articular hip inju-
ries represented only 5% of hip injuries in this 
cohort, they accounted for the most time lost. 
Fractures and dislocations resulted in the most 
lost time, followed by labral tears. The authors 
also reported on 19 NFL players who were 
treated at their institution for intra-articular hip 
injuries, 13 of which were diagnosed with labral 
tears. These 13 athletes also demonstrated sig-
nificant evidence of femoral head and acetabular 
cartilage loss as well. Five of these athletes 
underwent surgery, while the other eight were 
able to return to play following a course of physi-
cal therapy. While four of the five athletes were 
able to return to play at an elite level by 6 months 
after surgery, one of the athletes demonstrated 
significant cartilage loss and erosive changes at 
the time of arthroscopy, subsequently retiring 
from the NFL at 35 years of age, although he was 
able to play one season after recovery from 
surgery.
The estimated prevalence of radiographic FAI 
is highly variable, but athletes have demonstrated 
an increased prevalence over the general popula-
tion. In fact, radiographic evidence of FAI has 
been reported in up to 95% of high-level athletes 
[20, 27, 40]. Kapron et al. analyzed a cohort of 67 
male collegiate American football players in a 
prospective study and showed that 95% of the 
134 hips analyzed demonstrated at least one 
radiographic sign of cam or pincer deformity, 
with 21% demonstrating only cam deformity, 
52% demonstrating only pincer deformity, and 
77% of these hips demonstrating greater than one 
sign. The authors concluded that the morphologic 
abnormalities of FAI were common in this 
American football population and that its preva-
lence was substantially higher than seen in the 
general population [27].
In a sample of 123 hips with a history of hip or 
groin pain obtained from athletes at the National 
Football League Combine, Nepple et al. deter-
mined that 94.3% demonstrated radiographic evi-
dence for FAI (cam-type, 9.8%; pincer-type, 
22.8%; combined-type, 61.8%) [40]. Larson 
et al. corroborated these findings with another 
study evaluating a mixed cohort of 238 symptom-
atic and asymptomatic hips from the National 
28 Return to Play Following Hip Arthroscopy for FAI and Labral Lesions
pieter.orthopedie@gmail.com
352
Football League Combine, noting that 87% 
exhibited at least once radiographic sign 
 consistent with FAI. 65.3% of hips demonstrated 
cam deformity, 72.4% of hips demonstrated pin-
cer deformity, and 51.9% of hips had mixed type. 
Additionally, 40.6% demonstrated acetabular 
 retroversion, 2.5% demonstrated coxa profunda, 
64.4% demonstrated crossover sign, and 9.2% 
demonstrated labral ossification. They also deter-
mined that increasing alpha angle was an inde-
pendent predictor for the development of groin 
pain [19].
Mehran et al. analyzed all surgical proce-
dures performed of athletes from a single 
NCAA Division I college American football 
team from the 2004–2005 season through the 
2013–2014 season and found that arthroscopic 
hip labral repair comprised 5.9% of surgeries, 
and a combined femoral neck and acetabular 
osteoplasty was performed in 78.9% of cases 
[41]. Mascarenhas recently published a system-
atic review of imaging prevalence of FAI in 
patients and concluded that the majority (>90%) 
of American football players studied demon-
strated radiographic evidence of FAI [42]. 
Interestingly, they noted that radiographic find-
ings of FAI in the American football population 
were more consistently present as compared to 
soccer players, ice hockey players, and nonath-
letes. Domb et al. performed a retrospective 
analysis of 62 hip magnetic resonance imaging 
scans from younger retired NFL players who 
were evaluated in clinic for persistent hip pain 
which demonstrated labral tears in 89%, chon-
dral lesions in 98%, and partial or complete 
ligamentum teres tears in 81% [43]. However, 
while radiographic evidence of FAI abnormal-
ity may be highly prevalent, symptomatology 
may not correlate. In a follow-up study of the 
previous patient cohort, Kapron et al. per-
formed an analysis on the collegiate American 
football cohort and demonstrated that while 
95% demonstrated radiographic evidence of 
FAI, only 8.5% and 2.3% of athletes were posi-
tive for pain during the impingement and 
FABER tests, respectively [30].
28.2.4  Development of FAI During 
Skeletal Maturity
Increasing levels of high physical activity in ado-
lescents have been postulated as a contributing 
factor in developing FAI [25, 31, 44]. Agricola 
et al. demonstrated in 89 elite preprofessional 
soccer players and 92 controls (age range: 
12–19 years) that cam-type lesions on radio-
graphs were identified significantly more often in 
soccer players as compared to their nonathletic 
peer controls (elite, 13%; controls, 0%, P < 0.03) 
[25]. The authors found cam-type lesions in ath-
letes as young as 13 years [25].Agricola et al. 
subsequently reported on the radiographs of 63 
preprofessional soccer players (mean age, 
14.43 years; range, 12–19 years) at baseline and 
at a mean 2.4 years subsequent follow-up [45]. 
The prevalence of a head-neck prominence sig-
nificantly increased from 2.1% to 17.7% 
(P = 0.002) in hips with an open growth plate at 
Fact Box 2
• The National Football League Injury 
Surveillance System demonstrated that 
while intra-articular hip injuries repre-
sented only 5% of hip injuries in this 
cohort, they accounted for the most time 
lost.
• 87% of hips analyzed at the National 
Football League Combine exhibited at 
least one radiographic sign consistent 
with FAI (65.3% of hips demonstrated 
cam deformity, 72.4% of hips demon-
strated pincer deformity, and 51.9% of 
hips had mixed type).
• Radiographic signs and symptoms may 
not correlate, 95% of a collegiate 
American football cohort demonstrated 
radiographic evidence of FAI, and only 
8.5% and 2.3% of athletes were positive 
for pain during the impingement and 
FABER tests, respectively.
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baseline, with no significant increase in the prev-
alence or size of the cam lesion following growth 
plate closure [45]. The alpha angle was also sig-
nificantly increased from 59.4° at baseline to 
61.3° at follow-up (P = 0.018). The authors con-
cluded that cam-type lesions may gradually 
develop during the period of skeletal immaturity 
and could potentially be ameliorated through 
modification of athletic activity during this 
time [45].
In regard to American football players, Tak 
et al. postulated that the cam deformity is likely a 
reactive bony adaptation to high-impact sport 
practice during skeletal maturity [46]. The 
authors retrospectively grouped 126 hips to low- 
frequency versus high-frequency practice 
cohorts. They determined that the presence of a 
cam deformity was significantly lower in athletes 
playing American football at low frequency (≤3 
times/week) from the age of 12 years or above 
(40.2%) as compared to athletes who started 
playing American football at a professional 
American football club before the age of 12 years 
(63.6%, n = 44, OR = 0.39, 95% CI 0.15–0.97, 
p = 0.042). When comparing the same groups, 
there was also a significant difference in the prev-
alence of a pathological cam deformity (α angle 
>78°) (12% vs. 30%, OR = 0.33, 95% CI 0.12–
0.94, p = 0.038). The authors concluded there 
may be a probable dose-response relationship 
between the frequency of American football 
practice during skeletal maturity in the develop-
ment of a cam lesion.
The currently available evidence suggests that 
development of FAI for the young athlete poten-
tially starts at an early age during skeletal matu-
rity, which for males typically occurs at about 
18–22 years and for females at 14–17 years. 
Nepple et al. performed a systematic review ana-
lyzing the development of FAI in association 
with sporting activity in adolescence and demon-
strated that males participating in high-level 
impact sports have an increased risk of cam- 
lesion presentation [47]. High-level male athletes 
were 1.9–8.0 times more likely to develop a cam 
lesion, with a 41% cam-lesion prevalence as 
compared to 17% in controls. The biomechanical 
stresses that the femoroacetabular joint experi-
ences during repetitive physical activity may 
result in focal patterns of abnormal force on the 
growth plate and surrounding bone. The highly 
dynamic and cyclic nature of increased impact 
activity resulting from certain sports may gener-
ate higher mechanical joint loading with subse-
quent growth stimulus. These abnormal 
mechanical loads are produced at the extreme 
ranges of hip motion and therefore may be 
applied at areas of the joint that are relatively 
naïve to these types of loads. The current trend of 
early sport specialization may compound this 
effect for an even greater degree of deformity 
development, due to exceeding volume or inten-
sity workload thresholds.
28.3  Return to Play in American 
Football Players Following 
Hip Arthroscopy
Rapid advances in hip arthroscopy to address 
symptomatic FAI have allowed for extensive 
visualization and management of joint pathology. 
The primary techniques include femoral osteo-
chondroplasty to address the cam lesion and ace-
tabular rim resection to address the pincer lesion. 
Labral injury may necessitate refixation, debride-
ment, or reconstruction depending on the tissue 
quality at the time of surgery. In addition, articu-
lar cartilage damage due to abnormal joint sur-
face forces may be addressed with microfracture 
techniques. Botser et al. have shown in a system-
atic review that hip arthroscopy provides 
improved return to play rates and decreased com-
plication rates for professional athletes compared 
to open surgical hip dislocation, potentially due 
to the minimally invasive nature of the operation 
[48]. There have been two previous systematic 
reviews on the rate of return to play following 
surgery for FAI which demonstrate favorable out-
comes [49, 50].
Improvements of in vivo hip kinematics after 
surgical correction of FAI have been demon-
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strated in the literature utilizing 3D reconstruc-
tions of CT scans [51, 52]. Kubiak-Langer et al. 
use a validated noninvasive 3D CT-based method 
for kinematic hip analysis to compare the range 
of motion pattern, the location of impingement, 
and the effect of virtual surgical reconstruction in 
28 hips with anterior femoroacetabular impinge-
ment and a control group of 33 normal hips. They 
found that the average improvement of internal 
rotation was 5.4° for pincer hips, 8.5° for cam 
hips, and 15.7° for mixed impingement [52]. 
Bedi et al. analyzed ten symptomatic patients 
with focal cam and/or pincer impingement 
lesions with computer-assisted 3D modeling of 
high-resolution CT scans before and after surgi-
cal intervention and found that corrective femoral 
and rim osteoplasty resulted in significant 
improvements in both hip flexion 3.8° and inter-
nal rotation 9.3° [51]. Range of motion improve-
ment, particularly internal rotation, is critical for 
the American football athlete to return to play 
and prevent future reinjury.
In a study which analyzed 45 mixed-sport pro-
fessional athletes, Philippon et al. also found that 
42 (93%) patients were able to return to profes-
sional competition at an average of 1.6 years 
(range: 6 months–5.5 years) [53]. Of the five pro-
fessional American football players included in 
the study, one was unable to return to play and 
was noted to have had diffuse hip osteoarthritis 
present at the time of arthroscopy. A hockey 
player and a basketball player with extensive OA 
were also unable to return to play; however, a 
golfer with extensive OA returned to play. The 
authors suggested that arthroscopic treatment of 
FAI in the presence of OA can allow patients to 
return to low-impact sporting activity, however, 
not likely high-impact professional sports.
Nho et al. analyzed a mixed group of 47 high- 
level athletes (27.7% varsity high school, 53.2% 
college, and 19.1% professional; mean age: 
22.8 ± 6.2 years) with a minimum follow-up of 
1 year [54]. Four of these athletes were American 
football players. Of the 33 athletes who were 
available for follow-up, 26 (79%) returned to 
play at a mean of 9.4 ± 4.7 months (range: 
4–26 months) postoperatively with 24 of those 
athletes (92.3%) returning to the same level of 
competition. These 24 athletes continued partici-
pating in competition at 2 years, but the level of 
competition at this point was not reported. The 
rate of return was 90% (9 of 10) in high school 
athletes, 59% (10 of 17) in collegiate athletes, 
and 83% (5 of 6) in professional athletes. Of the 
seven athletes who were unable to return to play, 
five were due to persistent hip pain. All American 
football players were able to return to play. Byrd 
and Jones performed an analysis of 200 athletic 
patients (28.6 years; range, 11–60 years) which 
included 23 professional, 56 intercollegiate, 24 
high school, and 97 recreational athletes [55]. 
This cohort included 24 American football play-
ers (18 professional/intercollegiate and 6 high 
school/recreational). One hundred eighty-one 
athletes (90%) returned to their previous level of 
competition, with 95% returning at the profes-
sional level and 85% at the collegiate level and an 
average follow-up of 19 months (range: 
12–60 months).
Malviya et al. demonstrated similar findings 
in a comparative analysis of 40 professional and 
40 recreational athletes, 14 of which were 
American football players [56]. The average 
return-to-sport duration was 5.4 months (range: 
3–10 months) for all athletes, but professional 
athletes required significantly less time (mean: 
4.2 months) as compared to recreational athletes 
(mean: 6.8 months, P = 0.03). All athletes fol-
lowed the same rehabilitation protocol, so the dif-
ferential motivational or fitness aspects between 
professional and recreational athletes may 
explain this finding. Both professional and recre-
ational groups demonstrated high rates of return 
to play at 6 months (78% and 65%, respectively) 
and 1 year (82% and 73%, respectively) without 
significant differences. There was a 2.6-fold 
improvement in the training time (from 7.8 to 
20 h per week) and a 3.2-fold increase in time in 
competition (from 2.5 to 7.9 h per week). While 
professional and nonprofessional athletes both 
demonstrated good outcomes, the literature sug-
gests that professional athletes may exhibit supe-
rior rate of return to play and faster return to play 
time. Professional athletes also returned to their 
previous level of activity at a higher rate. A 
potential explanation for this observation could 
be that professional athletes hold significantly 
greater socioeconomic investment in their sport 
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and therefore possess elevated motivation for 
return to play; additionally, their unrestricted 
access to rehabilitation professionals and state- 
of- the-art physical therapy techniques and instru-
ments may expedite their recovery. This 
information can be useful in setting appropriate 
expectations for athletes of different competition 
levels.
There is currently a lack of literature focusing 
of the analysis of return to play outcomes on 
American football players specifically following 
arthroscopic management of hip labral tears and 
FAI. However, outcomes of Australian Rules 
Football athletes following hip arthroscopy pro-
vide important insights to the potential ability to 
return to play of American football players. 
Amenbar et al. completed a retrospective review 
of 36 male professional Australian Football 
League players; 26 of 27 with at least 2 years’ 
follow-up were available for review and found 
that all but one of the patients returned to play 
professionally for a return to play rate of 96% at 
an elite level [57]. At most recent follow-up, 62% 
were still playing professional Australian Rules 
Football for a mean of 52.5 months after surgery. 
Ten patients had retired from professional foot-
ball, but they had all returned to play profession-
ally after surgery. One player retired for causes 
related to hip disability. The modified Harris hip 
scale (MHHS) and non-arthritic hip score 
(NAHS) improved from 83.6 to 98 and from 85.3 
to 97.1, respectively, in the players who were still 
playing.
Singh and O’Donnell reported on 24 consecu-
tive Australian Rules Football players (27 hips) 
who underwent hip arthroscopic surgery and 
found that chondral lesions at the rim lesion 
were the most common pathology, affecting 
93% of cases, followed by cam lesions in 81%. 
Pincer rim trimming was performed on 14%. Of 
note, 22% of these players underwent microfrac-
ture for significant cartilage loss. Cartilage loss 
was most often present at the anterosuperior 
acetabular rim and most often associated with a 
cam lesion. All players reported that they were 
satisfied and would have the surgery again if 
required. The MHHS and NAHS in all patients 
improved postoperatively, and they maintained 
their improvement from 1 year up to 4 years. 
One player was advised to retire from football 
because of the severity of the rim lesion (>40% 
cartilage loss) and osteoarthritis. Of 24 players, 
23 returned to top-level AFL football. One 
player subsequently retired a year after hip sur-
gery because of a chronic knee injury [58]. In the 
one patient who did not return to Australian 
Rules Football-level football, a >40% cartilage 
loss from the anterior acetabular wall was pres-
ent in addition to an unstable os acetabuli and 
cam impingement. The player was treated with 
arthroscopic debridement, excision of the os, rim 
trimming, labral repair, microfracture of the ace-
tabulum, and femoral osteochondroplasty. He 
was advised to retire from Australian Rules 
Football to protect his hip.
However, not all studies have demonstrated 
clear beneficial outcomes. Domb et al. compared 
the patient-reported outcomes for patients who 
returned to sport compared with those who did 
not after hip arthroscopy, a cohort which included 
11 football players, and noted that football play-
ers trended toward not returning to sport [59]. 
However, this finding was not statistically signifi-
cant as the authors noted that their study was 
likely not powered to detect such a difference.
Fact Box 3
• Three recent systematic reviews demon-
strate favorable return to play outcomes 
for athletes following hip arthroscopy 
for FAI.
• In vivo computer modeling and CT 
reconstruction studies have demon-
strated improvements of in vivo hip 
kinematics after surgical correction of 
FAI, particularly internal rotation, 
which is critical for the American foot-
ball athlete to return to play and prevent 
future reinjury.
• Several studies demonstrate positive 
return to play and performance out-
comes in Australian Football League 
athletes, a close surrogate for American 
football athletes.
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28.3.1  Chondral Damage, 
Osteoarthritis, 
and Microfracture
Articular cartilage damage commonly occurs 
with the abnormal mechanical loads induced 
onto the joint by symptomatic FAI. Transition 
zone shear injuries with adjacent cartilage 
damage are typically caused during repetitive 
entry of cam lesions into the joint, subse-
quently resulting in chondral delamination 
[60]. Pincer lesions commonly result in pos-
teroinferior articular contrecoup damage due 
to the levering effect of the acetabular over 
coverage, creating abnormal sheer forces on 
posterior chondral surfaces [1]. These chondral 
injuries may result in significant pain and func-
tional deficit in the active athlete. As described 
earlier, Singh and O’Donnell analyzed 24 pro-
fessional Australian Football League and 
found that the only athlete who was unable to 
return to play demonstrated >40% chondral 
loss on intraoperative examination, while the 
23 (96%) other athletes had substantially less 
cartilage damage and were able to return to 
their previous level of professional play at a 
mean follow-up of 22 months [58]. Feely et al. 
also described an American football player 
who demonstrated significant cartilage loss 
and erosive changes at the time of arthroscopy, 
subsequently retiring from the NFL at 35 years 
of age, although he was able to play one season 
after recovery from surgery [39].
Microfracture at the time of hip arthroscopy 
has been proposed as a management option for 
these focal chondral injuries [61]. To evaluate 
the utility of hip arthroscopy in the manage-
ment of chondral lesions in elite athletes, 
McDonald et al. recently performed a compar-
ative study between 39 male hips who under-
went microfracture for discrete Outerbridge 
grade IV chondral lesions and 94 male control 
hips without microfracture [62]. The two 
groups did not significantly differ in terms of 
return to play, as 30 athletes (77%) undergoing 
microfracture were able to return to competi-
tion at some point as compared to 79 control 
athletes (84%). Interestingly, 22 athletes (70%) 
undergoing microfracture continued profes-
sional play at an average of three seasons post-
operatively (range: 1–11 seasons), while only 
43 control athletes (54%) continued profes-
sional play at an average of 2.8 seasons (range: 
1–11 seasons). However, there was no statisti-
cally significant difference detected. In the 
cohort of 200 mixed-level athletes reported by 
Byrd et al., 88% had Outerbridge grade III or 
grade IV articular damage [55]. Forty-nine of 
those athletes underwent microfracture surgery 
with a resultant 92% return to play rate postop-
eratively, similar to athletes undergoing hip 
arthroscopy without the additional microfrac-
ture procedure.
While the natural history of these chondral 
lesions is unclear, the current literature sug-
gests that these injuries may continue to prog-
ress in severity and ultimately result in 
early-onset hip osteoarthritis if left unmanaged 
[63]. Byrd and Jones followed 15 athletes 
(mean age, 31.7 years; range, 14–70 years) who 
underwent hip arthroscopy and analyzed their 
return to play at minimum follow-up of 10 years 
[64]. While 13 (87%) athletes were initially 
able to return to play, five of these patients did 
not have sustained symptomatic relief from the 
procedure and progressed to failure. The 
authors found that all five of these athletes pre-
sented with arthritis at the time of surgery, all of 
whom progressed to total hip arthroplasty at an 
average of 73 months (range: 4–119 months) 
and demonstrated significantly inferior out-
comes (P < 0.006). Additionally, the retrospec-
tive analysis of 45 mixed-sport professional 
athletes reviewed earlier by Philippon et al. 
concluded that the presence of diffuse osteoar-
thritis was a predictor for worse postoperative 
outcomes as all five patients with this finding 
were unable to ultimately return to play [53].
When management is initiated in the athlete 
prior to radiographic signs of significant osteoar-
thritis, athletes are generally able to return to 
competition. For microfracture to be effective, it 
is important that the athletes commit to follow a 
consistent postoperative and rehabilitation proto-
col [61]. Taken together, athletes undergoing 
additional microfracture procedures for focal 
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chondral defects secondary to FAI exhibit high 
rates of return to play, with competition-level 
durability similar to other athletes without chon-
dral defects. However, the athlete receiving 
microfracture must have a high level of commit-
ment to the rehabilitation process if they are to 
have a good outcome. Platelet-rich plasma is an 
evolving technique as a conjunction to hip 
arthroscopy in the setting of articular damage and 
early osteoarthritis. While some studies have 
demonstrated some improved tissue healing, the 
body of literature is lacking, and higher levels of 
evidence are required to infer any clinical utility 
for athletes [65].
28.3.2  Labral Reconstruction
Disruption of the longitudinal fibers may func-
tionally cripple the labrum and provide mini-
mal viable tissue to primary repair, necessitating 
a reconstruction technique with tissue grafting 
[66]. Clinical and functional outcomes have 
demonstrated positive results in the general 
 population; however, specific literature focus-
ing on athletes is sparse [67]. The restoration of 
a competent labrum is especially important in 
the athletic population as the return of physio-
logic hip biomechanics is critical to achieve the 
mobility necessary to these patients. Boykin 
et al. performed a retrospective review of 21 
elite athletes (23 hips; mean age, 28.0 years; 
range, 19–41 years) who underwent arthroscopic 
labral reconstruction with iliotibial band graft 
with an average follow-up of 41.4 months 
(range: 20–74 months). Four professional 
American football players were included in the 
analysis. The authors determined that the ath-
letes achieved a high rate of return to play (17 
of 18 athletes, 85.7%), 17 (81%) of which 
returned to a similar level of competition [68]. 
The authors also found significant improve-
ments in the MHHS (67–84, P = 0.026) and hip 
outcome score sport subscale (HOS SS) (56–
77, P = 0.009) [68]. Of the 23 hips, two required 
joint replacement: one at 24 months and one at 
23 months after reconstruction. Both players 
were older (37 years and 31 years, respectively) 
than the average age of the remaining athletes, 
and both had evidence of osteoarthritis on pre-
operative imaging with <2 mm of joint space on 
at least one point of measurement. Their preop-
erative MHHS values were 65 and 59.4. One 
was a professional baseball player, and one was 
a professional American football player. The 
American football player was able to return to 
the practice field with his National Football 
League team but never returned to game action; 
he retired from professional American football 
16 months after reconstruction. Four athletes 
were professional American football players: 
one linebacker, one free safety, one cornerback, 
and one placekicker. The linebacker progressed 
to arthroplasty within the follow- up period. All 
the rest returned to play at the professional 
level and have thus far had good return to 
play outcomes, similar to their pre- injury 
performance.
In a systematic review evaluating outcomes 
following labral reconstruction, Ayeni et al. con-
cluded that the ideal candidates for the technique 
were young, active patients with >2 mm of joint 
space preservation [67]. Philippon et al. found 
that patient age was an independent predictor for 
patient satisfaction for a general population 
undergoing labral reconstruction with iliotibial 
band [66]. The average age of the 9% progressing 
to total hip arthroplasty in this cohort was signifi-
cantly older as compared to those who did not 
require replacement (49 years vs. 36 years, 
P = 0.027). The two athletes who progressed to 
arthroplasty in the study by Boykin et al. were 
older (37 and 31 years) compared to the other 
patients and exhibited evidence of osteoarthritis 
and <2 mm joint space preservation on radio-
graphs. Both of these factors have been shown to 
be independent predictors of hip arthroscopy 
 failure [69]. The available evidence is limited, 
but labral reconstruction appears to provide 
improved short-term outcomes and good return 
to play rates in the younger athletic population 
who do not have evidence of osteoarthritis. 
Longer-term prospective studies will be required 
to evaluate the durability of these grafts to pre-
serve high- level functioning and to mitigate 
early-onset osteoarthritis.




Postoperative rehabilitation protocols should 
include activities that can accurately evaluate an 
athlete’s physical status and determine appropri-
ate progressions for safe return to play. Phillipon 
et al. have previously published a rehabilitation 
protocol in a professional American football ath-
lete following arthroscopic repair of intra- articular 
disorders which focus on a four-phase progres-
sion [70]. Phase 1 consists of mobility and protec-
tion, protecting the repaired tissue while initiating 
early but restricted passive range of motion. This 
initial phase emphasized hip circumduction, flex-
ion, and internal rotation PROM to avoid potential 
adhesion formation within the joint capsule, as 
well as focusing on isometric exercises which 
were implemented to mitigate muscle inhibition 
and atrophy. Phase 2 focuses on stabilization of 
the hip joint with core stabilization exercises and 
progressive resistive exercise in addition to con-
tinue PROM and gait training. Balance training 
and neuromuscular reeducation were initiated to 
promote proper gait mechanics. Phase 3 marks 
the initiation of strengthening with focus on mus-
cle endurance strength and cardiovascular condi-
tioning. Advanced cord-resisted agility and 
single-leg- bend activities were started to prepare 
the patient for the functional return-to-sport test. 
Phase 4 was the return-to-sport aspect in which 
the athlete was integrated into team practice in 
preparation for competitive return to high-level 
sport. Table 28.1 demonstrates our preferred pro-
gression of rehabilitation with specific activity 
examples which mirrors many of these core prin-
ciples. Figures 28.1, 28.2, 28.3, 28.4, 28.5, 28.6, 
and 28.7 illustrate the detailed maneuvers within 
the rehabilitation protocol.
Table 28.1 Hip arthroscopy rehabilitation—labral repair with or without FAI component
Postoperative 
time period Rehabilitation activities and progressions
Weeks 0–2 • Focus on decreasing soft tissue swelling and restoring gliding of adjacent tissues
• Stationary bicycle for 20 min/day (up to twice a day)
•  ROM progression—Stool rotations (AAROM hip IR), pelvic tilts, supine hip log rolling, limit 
external rotation to <20° (Fig. 28.2)
•  Hip isometrics (no flexion)—Prone leg curls, prone abdominal/gluteal/quad-hamstring/
dorsiflexion isometric holds, quadruped hand heel rocks with stable core, supine bridges
•  Neuromuscular electrical stimulation to quadriceps with short-arc quadriceps if indicated or 
appropriate
• Sustained stretching for psoas with cryotherapy (two pillows under hips)
• Gait training every session to prevent the development of poor motion
Weeks 2–4 •  Progress weight bearing—Wean off crutches at weeks 3–4
•  Progress hip ROM as tolerated—Bent knee fall outs (week 4), stool rotations for ER (week 3–4), 
hip hiking (week 4)
• Gluteal/piriformis stretching
•  Progress core and hip strengthening (avoid hip flexor tendonitis)—Bilateral cable column 
rotations (weeks 3–4) (Fig. 28.3), isotonic exercises (no flexion), clam shells→isometric side 
lying hip abduction (Fig. 28.4)
• Step ups and downs starting with 4″ box building to 8″ box
• Begin proprioception/balance training—Balance boards, single-leg stance (Fig. 28.5)
• Aquatic therapy in low end of water
Weeks 4–8 •  Progress strengthening—Introduce hip flexion prone isometrics to AAROM, multi-hip machine 
(open and closed chain), leg press (bilateral→unilateral), single-leg wall push, windmills, lawn 
mowers, resistive hip hikes (begin with doing all exercises as the stance leg first to insure 
muscular strength, endurance, and neuromuscular control prior to the moving leg) (Fig. 28.6)
• Progress core strengthening—Prone/side planks
• Progress proprioception/balance—Standing rotations with rocker bottom boards
• Treadmill side stepping (week 6)
• Elliptical (weeks 4–6)
•  Hip flexor, gluteus/piriformis, and IT band stretching—Seated eccentric hip flexor stretch 
(Fig. 28.7)
• Three-point step with TheraBand progressing to side stepping with TheraBand (Fig. 28.8)




Fig. 28.2 Stool rotations to participate in active assisted 
range of motion exercises, particularly hip internal/exter-
nal rotation
Fig. 28.3 Cable column rotations for core strengthening 
progression
Postoperative 
time period Rehabilitation activities and progressions
Weeks 8–12 • Progressive hip ROM
• Progressive extremity and core strengthening using challenging surfaces or perturbations
• Endurance activities around the hip
• Dynamic balance activities
Weeks 12–16 • Progressive extremity and core strengthening
•  Plyometrics—Begin with in-place double-leg progressing to single-leg jumps, hops, and bounds 
being sure to monitor sets, foot contacts, and rest between sets
• Begin treadmill or field running program
• Sport-specific agility drills
• Return to supervised modified weight room program
• Begin developing a time-based plan for return to activity and sport





Fig. 28.4 (a) Clam shell exercise for hip external rotation and abduction, (b) progression to isometric side lying hip 
abduction
Fig. 28.5 Proprioception and balance training utilizing a 
variety of devices
Fig. 28.6 Resistive hip hikes




Intra-articular pathology leading to symptom-
atic hip pain results in significant morbidity 
and functional deficits in the athlete. 
Symptomatic FAI is the most common cause 
of pre-arthritic hip pain in the non-dysplastic 
hip. If nonoperative treatment fails to ade-
quately alleviate symptoms or sufficiently 
restore function in the American football 
player, hip arthroscopy can lead to improved 
pain, improved range of motion, and high 
rates of return to play with proper postopera-
tive rehabilitation. Important considerations 
include the ability to achieve the diagnosis in 
a timely manner and to exercise caution in 
older athletes with the presence of pre-exist-
ing osteoarthritis or diminished joint space. 
American football athletes who did not return 
to play in the literature tended to also demon-
strate more severe chondral damage at the 
time of arthroscopy. Expectations should be 
managed in these patients as the literature 
demonstrates suboptimal outcomes in these 
populations. Higher quality of evidence with 
long-term prospective studies is required to 
determine the effectiveness of this technique 
to durably maintain athletes in athletic activity 
and alter the natural history of disease 
progression.
Take-Home Message
• Femoroacetabular impingement (FAI) may be 
particularly disabling to the high-demand ath-
lete, especially those with significant cutting 
and pivoting requirements such as American 
football players.
• Awareness of varying requirements among 
different groups of athletes, particularly 
American football players, is important to 
identify the individual needs of patients when 
considering preventative, nonoperative, or 
surgical management options.
• Important considerations in the management 
of American football players with FAI include 
the importance of achieving the diagnosis in a 
timely manner and exercising caution in older 
athletes with the presence of pre-existing 
Fig. 28.7 Seated eccentric hip flexor stretch
Fig. 28.8 Progressing to side stepping with resistance 
band
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osteoarthritis or diminished joint space, as the 
literature demonstrates suboptimal outcomes 
in this population.
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29.1  Introduction
Football is associated with high injury rates. 
Due to repetitive kicking and frequent changing 
in direction, the ankle is particularly vulnerable 
to injury. Historically, the ankle used to be the 
most common location of injury in professional 
football (around 30% of total injuries). 
However, more recent studies suggest a lower 
ankle injury rate, accounting for 10–15% of all 
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injuries [25, 118]. Possible explanations of this 
declining trend include successful implantation 
of prevention strategies, stricter enforcement of 
existing rules or new rules and, possibly, differ-
ent injury definitions [140]. As a recent long-
term study in professional football reported an 
ankle injury rate of 1/1000 h [140], a profes-
sional 25-player squad will suffer around seven 
ankle injuries in each season. Increased ankle 
injury rates have been found in older players, 
dominant leg, during competition and later in 
each half of a match time [18]. The overall 
ankle reinjury rate in football is between 4% 
and 29% [18, 55, 140]. In terms of time loss, an 
average of 16–24 calendar days was missed 
per ankle injury [17, 18, 140, 145]. Severe inju-
ries, i.e. more than 28 days absence, represent 
10–17% of all ankle injuries in professional 
football [25, 140, 145].
29.2  Lateral Ligament Lesions
29.2.1  Introduction
Ankle sprains account for 67–72% of all football- 
related ankle injuries [18, 70, 97, 140, 145]. Most 
ankle sprains in football are caused by player 
contact, mainly tackling (54%) [145]. Foul play 
is involved in 40% of the match-related ankle 
sprains [140]. Football players with a previous 
ankle sprain are two to five times more likely to 
sustain a recurrent ankle sprain than players 
without previous ankle sprains [3, 70, 136]. Mean 
lay-off per ankle sprain in football is between 7 
and 18 days [70, 140, 145]. A total of 83–89% of 
the ankle sprains required football players to 
miss 1 month or less [25, 140, 145], suggesting 
that it is the incidence rather than severity of 
ankle sprains that makes them problematic [145]. 
However, up to 40% of the patients in the general 
population report residual symptoms after stan-
dard treatment for an acute ankle sprain [28, 
134], including chronic pain, recurrent instability 
and muscular weakness.
Injury to the lateral ligamentous complex rep-
resents 70–91% of all ankle sprains in football 
[24, 42, 70, 145]. This is partly explained by the 
natural tendency for the ankle to go into inversion 
and the relative weakness of the lateral ligaments. 
The ankle joint is stabilized laterally by three 
ligaments: the anterior talofibular ligament 
(ATFL), the calcaneofibular ligament (CFL) and 
the posterior talofibular ligament (PTFL). The 
most common mechanism of injury is inversion 
of the plantar-flexed foot. A video analysis of 
ankle sprains in football revealed two mecha-
nisms that put the ankle in this vulnerable posi-
tion: (1) impact by opponent on the medial aspect 
of the leg just before or at foot strike, resulting in 
a laterally directed force causing the player to 
land with the ankle in a vulnerable inverted posi-
tion, and (2) forced plantar flexion when the 
injured player hits the opponent’s foot when 
attempting to shoot or clear the ball [2]. As the 
ATFL is maximally stretched with inversion of 
the plantar-flexed foot and has the lowest toler-
ance to loads (approximately 150 N [71, 116]), it 
is the first and often only ligament to sustain 
injury. As a result, the ATFL is the most fre-
quently injured ligament of the ankle (90–95% 
[70, 145]). When the mechanism of injury con-
tinues around the lateral aspect of the ankle, rup-
ture of the ATFL is followed by damage to the 
CFL and finally to the PTFL. An MRI study 
showed that 41% of the patients with an ankle 
inversion trauma injured both the ATFL and CFL, 
whereas only 5% had damaged the PTFL [69]. 
Associated injuries include fractures, osteochon-
dral lesions and damage to both the peroneus ten-
don and nerve.
29.2.2  Clinical Presentation
History taking and video footage are particu-
larly useful in identifying the injured ligaments. 
It is important to distinguish a simple distortion 
from a (lateral) ligament rupture, since adequate 
treatment is associated with a better prognosis 
and time to return to play (RTP) [128, 130]. Ask 
for the ability to bear weight and the location of 
pain and swelling. Patients with lateral ligamen-
tous rupture report more immediate swelling 
and are more frequently compelled to stop their 
activities, than those without a rupture [124]. 
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All ligamentous and bony structures should be 
palpated for tenderness, including the whole 
length of the fibula and the base of the fifth 
metatarsal. If there is no pain on palpation of the 
ATFL, there is no lateral ligament rupture [128, 
130]. The anterior drawer test evaluates ATFL 
laxity, whereas the talar tilt test aids in identify-
ing CFL instability. If a haematoma is present, 
accompanied by pressure pain at palpation or a 
positive stress test or both, it is most likely that 
a (partial) lateral ligamentous rupture exists 
[128, 130]. However, manual stress test is less 
reliable in the acute phase, because of pain and 
swelling. Therefore, delayed physical examina-
tion (4–5 days) gives better diagnostic results 
and is considered the gold standard in the diag-
nosis of acute lateral ligament injury. The sensi-
tivity to correctly diagnose an acute lateral 
ligament rupture during a delayed physical 
examination is 96 %, with a specificity of 84% 
[128, 130].
29.2.3  Diagnosis
The Ottawa ankle rules are an accurate instru-
ment to rule out fractures of the injured ankle, 
with a sensitivity of almost 100% [5]. Stress 
radiographs are generally not indicated in the 
routine diagnosis of lateral ligament injury, as 
they are difficult to perform and will not change 
the treatment protocol.
Ultrasonography has been demonstrated to 
be an accurate investigation for ligamentous 
injury, but images may be difficult to interpret 
on retrospective review by other physicians. The 
sensitivity and specificity of ultrasonography 
for a lateral ligament rupture are 92% and 64%, 
respectively [130]. If ultrasonography is per-
formed after an inconclusive delayed physical 
examination, sensitivity increases to 100% and 
specificity to 72% [130].
MRI is reliable in the diagnosis of lateral liga-
mentous ruptures and other associated injuries, 
including tendinous and syndesmotic tears, occult 
fractures and osteochondral lesions. The sensitiv-
ity and specificity of MRI for ATFL injuries are 
92–100% and 100%, respectively [58, 90]. In 
comparison with arthroscopy, MR images cor-
rectly located the injured portion of the ATFL in 
93%, whereas ultrasonography was able to iden-
tify 63% [90]. Overall, MRI is our imaging 
modality of choice for lateral ligament injury in 
the professional football player. There are no 
known studies on the value of MRI in monitoring 
recovery and RTP decisions of athletes with lat-
eral ligament lesions, let alone football players.
29.2.4  Treatment and Rehabilitation
A grading system has been devised to aid in guid-
ing the treatment of lateral ligament injuries [38, 
59]. It incorporates anatomical damage with 
patient’s symptoms and is only reliable with 
delayed physical examination. Grade I (mild) 
injuries include stretching of the ligaments. There 
is minor swelling and tenderness, little to no 
functional loss and no increased laxity. Grade II 
(moderate) injuries include partial tearing of the 
ligaments, with moderate pain, swelling and ten-
derness. There is a mild to moderate increase in 
laxity, some loss of motion and moderate func-
tional disability. In grade III (severe) injuries, a 
complete rupture of the ligaments and the joint 
capsule is present with severe bruising, swelling 
and pain. There is major loss of function and an 
increased laxity. The patient is most frequently 
unable to bear weight. In clinical practice, only 
the difference between a simple sprain (grade I) 
and real instability (grade II or III) is relevant. 
The majority of acute grades I–III lateral liga-
ment injuries can be managed by non-operative 
measures [94].
Treatment of lateral ligament injury is based 
upon the three stages of ligament healing: the 
inflammatory phase, the proliferation phase (up 
to 6 weeks to 3 months after trauma) and the 
remodelling or maturation phase (until 1 year 
post-injury). The initial treatment is directed 
towards avoiding or diminishing excess swelling 
and ongoing injury. This involves the RICE prin-
ciple for the first days: rest, ice (cryotherapy), 
compression and elevation. The use of oral or 
topical nonsteroidal anti-inflammatory drugs 
(NSAID) leads to less pain without an increase in 
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adverse events [126]. Manual mobilization of the 
ankle has limited added value and must be dis-
couraged [67]. No effect was found for ultra-
sound therapy, laser therapy and electrotherapy 
[67]. Long-term immobilization (>2 weeks) leads 
to poorer outcomes than functional treatment [64, 
94]. However, a short period of immobilization 
(max 10 days) in a below-knee cast or removable 
boot can be advantageous for severe lateral liga-
mentous injury, i.e. faster recovery when com-
pared to compression bandage [73, 94].
During the proliferation phase, controlled 
stress on the injured ligament will promote proper 
collagen fibre orientation, whereas protection of 
inversion is important to prevent excess forma-
tion of weaker type III collagen. The use of an 
external ankle support is advocated (for longer 
than 8 weeks [52]). Elastic bandage is associated 
with a slower RTP and more instability than an 
ankle brace [65]. Although a recent study found 
no differences in outcome between tape, semi- 
rigid brace and a lace-up brace 6 months after 
treatment [127], most studies report superior 
results for protection with a brace [61, 94]. Since 
it is also more cost-effective and gives less skin 
irritation, the use of a (semi-rigid) brace in the 
proliferation phase is preferable. Exercise ther-
apy combined with progressive weight bearing is 
an essential element of the functional treatment 
of lateral ligament injury [62]. Early active range 
of motion (ROM) exercises are essential, both 
passive and active. Strength deficits for the ankle 
evertors, invertors and plantar flexors have been 
reported following ankle injury [60]. 
Rehabilitation programmes should emphasize 
strengthening of all muscle groups using both 
eccentric and concentric exercises, followed by 
proprioceptive training and functional exercises. 
Activities in the last phase should progressively 
simulate the physical demands of football, 
including running and cutting drills. More 
detailed rehabilitation for acute lateral ligamen-
tous injury can be found in several best evidence- 
based schedules [60, 102, 150], although none 
are specifically designed for football players.
The treatment of grade III lateral ligament 
injury remains controversial. Most reviews com-
paring surgical versus conservative treatment 
failed to demonstrate a superior approach [62, 
94]. Therefore, functional treatment is preferred 
in most cases [62, 94]. However, surgical treat-
ment may be beneficial on an individual basis in 
professional athletes [66]. The advantage of sur-
gical repair is significantly less objective instabil-
ity when compared to non-operative treatment 
[62]. Since increased objective instability is pre-
dictive for future ankle sprains [137] and RTP is 
not delayed after surgical treatment [66], acute 
repair should be considered in professional foot-
ball players [66, 94, 124] (Fig. 29.1). The time of 
the season, athletes’ expectations, sports-specific 
ankle load, individual history, stage of his or her 
career, time from trauma to diagnosis, collateral 
ankle joint damage and access to an expert ortho-
paedic surgeon are all features to take into 
account when considering an operative treatment 
in the professional football player [124]. When 
performing repair, a direct anatomical recon-
struction of the ruptured lateral ligaments in a 
high-volume centre by an experienced surgeon is 
recommended [66, 124]. The rehabilitation 
regime after direct anatomic reconstruction is a 
lower-leg cast for 1–2 weeks, followed by 
2–4 weeks in a walking boot. Then an active 
rehabilitation protocol with the use of an ankle 
support is advised, as recently described in an 
evidence-based guideline [93].
29.2.5  Return to Play and Prevention
After a lateral ligamentous injury, it is difficult to 
determine when a football player can 
RTP. Furthermore, residual disability of ankle 
sprains is often caused by inadequate rehabilita-
tion and a potentially overly hurried RTP [102]. 
When assessing a player’s ability to return, all 
functional limitations as a result of the injury 
must be restored, cardiovascular fitness should be 
equal to or greater than pre-injury status, and 
there should be no apprehension from the player 
or other members of the rehabilitation team about 
the player’s safety. The RTP process itself will 
often be progressive as well. In determining a 
player’s ability to progress to the next phase or 
RTP, objective data are required. Although self- 
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reported ankle scoring systems are not validated 
for RTP decisions, they can be useful to evaluate 
the effectiveness of the rehabilitation protocol. 
For instance, the Foot and Ankle Disability Index 
(FADI)  includes an optional 8-item sports sub-
scale that is geared towards individuals returning 
to athletic activities [81]. Furthermore, the use of 
functional performance tests to assess the foot-
baller’s ability to perform sports-specific skills is 
considered helpful [60]. Tests can progress from 
relatively simple tasks such as the single-legged 
balance test [31] to more complex tests in differ-
ent domains, such as the (modified) Star 
Excursion Balance Test (Fig. 29.2) [45], the Y 
Balance Test [95] and the agility T-test [92]. 
Dynamic balance tests are considered more accu-
rate in assessing lower extremity function than 
static tests [103]. The outcomes of these tests 
should be evaluated throughout the rehabilitation 
process, thereby quantifying progress, and com-
pared to pre-injury and contralateral scores. As 
several functional tests have been found to be 
predictive of ankle injuries in uninjured athletes 
[37, 83, 92, 96], the use of these tests in the RTP 
decision of football players with lateral ligamen-
tous injury should be validated. A minimal score 
on functional test for RTP, e.g. 90% of pre-injury 
or contralateral ankle, has been advised [54] but 
warrants further research [60]. Baseline values of 
these functional tests should preferably be estab-
lished before the start of the football season.
In summary, minimal criteria for a safe RTP 
following a lateral ligament injury should include 
full ROM, 90% of pre-injury score on both 
strength and functional performance tests and a 
normal and pain-free gait pattern when perform-
ing football-specific tasks, including cutting and 
running. The rehabilitation process should never 
abruptly be stopped after RTP, as deficits can 
erroneously be overlooked during the RTP 










at least 3 months
Delayed examination 4 to 5 days post injury:
  - Tenderness over ATFL
  - Positive anterior drawer test
  - Positive inversion stress test
Fig. 29.1 Treatment 
algorithm for suspected 
injury of the ATFL 
(Adapted from Ballal 
et al., 2016 [6])
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 evaluation. Moreover, certain deficits may only 
be present after the player has been thoroughly 
fatigued. Continuing sports-specific rehabilita-
tion will help to minimize this risk.
The time needed to RTP in lateral ligamentous 
injury depends on several factors, including 
severity of the injury, patient’s ability and reha-
bilitation facilities available. Reported RTP in 
amateur and professional football players has 
been 7 days and 15 ± 19 days, respectively [70, 
140]. There was no documentation on the sever-
ity of injuries. A case series of professional ath-
letes who underwent surgical repair reported a 
median RTP of 77 days for isolated lateral 
 ligamentous injuries and 105 days for those with 
concomitant injuries [93].
The most important risk factor for an ankle 
sprain is a previous ankle sprain. This is due to 
reduced proprioceptive function and reduced 
mechanical stability. There is good evidence 
from high-level studies that neuromuscular train-
ing, especially balance training (e.g. wobble 
board), is effective for the prevention of recurrent 










Fig. 29.2 (a–d) Modified Star Excursion Balance Test. The test has been simplified to include only three reach direc-
tions: anteromedial, medial and posteromedial (Reprinted with permission from Richie et al., 2015 [103])
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training is beneficial in normal healthy ankles in 
preventing sprains [124], although the recently 
introduced FIFA 11 injury prevention programme 
decreased lower extremity injury risk in foot-
ballers by 24% [1].
There is consensus that external ankle support 
reduces the risk of recurrent ankle injury in previ-
ously injured athletes [65] (by approximately 
70% [22]). These results were reproduced in 
football players [113, 118]. As ruptured ankle 
ligaments need at least 6 months to achieve full 
strength, prophylactic ankle brace should be 
worn for a minimum of 6 months after RTP [103]. 
It is unclear whether a brace is more effective 
than a tape [66]. Both have their advantages and 
disadvantages. Tape can lead to skin irritation 
and loses 40–50% of its effect after 15 min of 
vigorous exercise [29]. However, some football 
players tend to dislike braces because they do not 
seem to fit in the typical football shoes. Braces 
are reusable and readjustable, and minimal exper-
tise is required for correct application. Contrary 
to popular belief, an external ankle support does 
not impede speed, agility and kicking accuracy in 
football players [91, 99]. A combination of both 
treatment modalities could be considered, espe-
cially in professional football players with recur-
rent ankle sprains.
29.3  Medial Ligament Lesions
29.3.1  Introduction
The ankle joint is stabilized medially by the 
medial ligament complex (MLC), also known as 
the deltoid ligament. It consists of six adjacent 
bands [12, 85], either belonging to a superficial 
or deep layer. The superficial component is 
weaker than the deep part. The primary mecha-
nism of isolated MLC injury is pronation or 
external rotation of the ankle. Such injuries com-
monly occur during an off-balanced landing on 
an uneven surface [46] or due to a lateral contact 
to the weight-bearing ankle [36]. Furthermore, 
MLC injury may be caused by severe supination 
and external rotation (SER) injuries. As the del-
toid ligaments have a higher load to failure than 
the lateral ligaments [4], considerable forces are 
required to injure the MLC. Isolated MLC injury 
is rare, usually involves the superficial layer and 
has a good prognosis. Complete disruption of 
both the deep and superficial parts is almost 
always associated with other injury patterns, 
including syndesmotic injury, rotational ankle 
fractures and lateral ligament injury.
Injury to the MLC represents 10–16% of all 
ankle sprains in football [70, 140, 145]. The aver-
age lay-off per isolated MLC injury in profes-
sional football is 13.6 ± 15.4 days, with a reinjury 
rate of 11% [140]. However, medial ankle inju-
ries tend to be more severe in nature than the 
more common lateral ankle sprains (because of 
associated injuries). Therefore, the recovery time 
is generally much longer [20].
29.3.2  Clinical Presentation
Signs of a MLC injury include medial soft-tissue 
swelling, often ecchymosis and tenderness over 
the course of the ligament. In contrast to lateral 
ligament injury, one or a combination of these 
findings has a relatively low predictive value for 
MLC rupture [125]. If MLC injury is suspected, 
it is important to evaluate the ankle for associated 
injuries, including the entire fibula and the 
Fact Box
• Delayed physical examination of the lat-
eral ankle ligaments (4–5 days) gives 
better results than within 48 h.
• The majority of acute lateral ligament 
injuries can be treated conservatively 
with adequate rehabilitation.
• Surgery is considered in professional 
athletes with acute grade III injuries, as 
surgery provides lower incidence of 
chronic ankle instability than conserva-
tive treatment.
• RTP criteria should include strength and 
functional performance tests (e.g. 90% 
pre-injury score)
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 tibiofibular joint. Several stress tests have been 
described to evaluate the integrity of the MLC 
[7], e.g. valgus stress test and external rotation 
stress test, but these tests generally lack external 
validity. Since swelling and pain hinder stress 
tests, delayed examination might be beneficial.
29.3.3  Diagnosis
The Ottawa ankle rules also apply to medial 
sprains. In the case of a disrupted syndesmosis 
and MLC, the distance between the medial talus 
and the medial malleolus on the mortise view 
will be widened. A medial clear space (MCS) of 
4 and 5 mm on the mortise view has a false- 
positive rate for MLC rupture of 53.6% and 
26.9%, respectively [110]. However, isolated 
MLC rupture does not cause widening of the 
MCS on static radiographs, because the lateral 
malleolus holds the talus in position. Furthermore, 
SER fractures of the ankle (80% of all ankle inju-
ries) may present with a MLC rupture that is not 
apparent on the initial radiographs. In other 
words, an isolated lateral malleolar fracture with 
an intact ankle mortise on the static radiographs 
does not exclude MLC injury. Historically, exter-
nal rotation stress radiographs were used to detect 
occult MLC injuries. However, patients generally 
experience pain during these examinations, lead-
ing to possible suboptimal radiographs. As an 
alternative, the gravity stress test was developed, 
showing at least equivalent results [35, 109]. A 
MCS of ≥5 mm on the gravity stress radiographs 
is accepted to represent a deep MLC rupture 
[119]. More recently, the use of delayed weight- 
bearing radiographs has been advocated [142]. 
Patients with an isolated lateral malleolar frac-
ture and an intact mortise on the initial radio-
graphs (with medial sided symptoms and/or 
signs) underwent weight-bearing radiographs 
1 week after the injury. Compared to both rota-
tion and gravity stress test, it resulted in a 
decreased false-positive rate and good clinical 
outcome [41, 48, 50, 142].
MRI has a high sensitivity and specificity for 
confirmation of injury to both the superficial and 
deep layers of the MLC [82]. It may especially be 
helpful for individual cases in which doubt about 
joint stability and soft-tissue integrity exists [47, 
119]. Furthermore, it provides information about 
possible concomitant pathology [106] and is, 
therefore, the authors’ imaging technique of 
choice in the (professional) football player.
Ultrasonography might represent an alterna-
tive to MRI for assessing MLC injury, although 
data are scarce. When used in SER ankle frac-
tures, both a 100% sensitivity and specificity for 
MLC rupture were reported [15, 43]. A recent 
study also found 100% sensitivity for complete 
MLC rupture, but only 50% of the partial rupture 
were correctly identified by ultrasonography 
[75].
29.3.4  Treatment and Rehabilitation
There is little evidence to guide the management 
of deltoid injuries without a fracture, let alone in 
football. Isolated superficial or partial MLC inju-
ries with no instability are mostly treated conser-
vatively. The first step of treatment is the RICE 
principle. Further treatment consists of 4–6 weeks 
in a cast or brace, sometimes preceded by a non- 
weight- bearing (NWB) period of 5–7 days [80, 
82]. It should be combined with a progressive 
functional rehabilitation programme.
The treatment of complete rupture of both the 
deep and superficial components of the MLC 
remains controversial [82]. These are almost 
always associated with other injuries that may 
require surgical intervention, especially frac-
tures. It is beyond the scope of this book to pro-
vide a detailed discussion on these surgical 
indications, but inaccurate assessment of MLC 
injury could predispose to early posttraumatic 
osteoarthritis [119]. In general, the decision 
between surgically and conservatively treating 
the acute MLC injury in a combination injury 
will depend on the severity of the combined lat-
eral ligament, syndesmotic and osseous injuries 
and resultant instability. The authors’ preference 
for ankle fractures with additional MLC injury in 
professional football players involves 
arthroscopic inspection (and treat additional 
osteochondral pathology if present), open reduc-
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tion internal fixation and, if necessary after 
inspection or stress exams, open MLC repair and 
syndesmotic fixation [80, 82]. The postoperative 
protocol varies, depending on the severity of the 
associated injuries, but generally implies a mini-
mum of 6 weeks NWB in a cast or boot. A remov-
able cast or boot allows for early ROM 
exercises.
29.3.5  Return to Play and Prevention
RTP for MLC injury generally takes longer as 
would be predicted were the injury on the lateral 
side. In the case of an isolated superficial MLC 
injury, return to full weight bearing (FWB) and 
light training is expected after 6–8 weeks [82]. 
However, faster RTP is described in professional 
football: 2–4 weeks [140]. Potential explanations 
for this discrepancy include supervision by a mul-
tidisciplinary sports medicine team, availability 
of rehabilitation facilities (e.g. aquatic therapy or 
antigravity treadmills) and, possibly, milder injury 
in professional athletes due to prophylactic brac-
ing or neuromuscular training. The time to RTP in 
MLC injury with additional fracture varies, 
depending on the severity of associated injuries 
[21]. In the case of a bimalleolar equivalent frac-
ture with deltoid repair, RTP can be expected as 
early as 8–10 weeks after stabilization [57]. 
Predictors of RTP after operative fixation of an 
unstable ankle fracture at 1 year include younger 
age, male gender, no or mild systemic disease and 
a less severe ankle fracture [19].
The ability to RTP in medial ligamentous 
injury requires a pain-free full ROM with no 
swelling and symptoms on stress testing. 
Furthermore, functional performance tests (Sect. 
29.2.5) can guide the rehabilitation process and 
help in making the final RTP decision.
All preventive studies on ankle sprains only 
involve lateral ankle sprains. As ankle support 
significantly reduces ROM for both inversion and 
eversion [117], the use of a brace or tape in the 
prevention of MLC reinjury is presumably bene-
ficial as well. Neuromuscular training in the pre-
vention of recurrent MLC injury is also potentially 
helpful but warrants further research.
29.4  Syndesmotic Ligament 
Lesions
29.4.1  Introduction
Although the syndesmosis is technically a joint, 
the term syndesmotic injury is used to describe 
injury of the syndesmotic ligaments. It is often 
referred to as a high ankle sprain. The syndes-
motic ligament complex consists of the anterior 
inferior tibiofibular ligament (AITFL), the poste-
rior inferior tibiofibular ligament (PITFL) and 
the interosseous ligament (IOL). It ensures the 
stability between distal tibia and fibula, and it 
resists the axial, rotational and translation forces 
which tend to distend the distal tibia and fibula.
The most accepted mechanism of injury for 
syndesmotic ankle sprains is a forceful external 
rotation of the foot and ankle with the ankle in 
dorsiflexion and the foot pronated [148]. As the 
talus rotates in the mortise, the fibula rotates 
externally and moves posteriorly and laterally, 
separating the distal tibia and fibula, sequentially 
tearing the AITFL (weakest ligament) and deep 
MLC or causing a malleolar fracture, the IOL 
and finally the PITFL [9, 147]. Ruptures of the 
syndesmosis are therefore rarely isolated injuries 
but generally occur in association with fractures 
of either the fibula or the posterior and medial 
malleoli. Combined deltoid and syndesmosis 
injury critically disrupts talar stability [148]. The 
amount of force and how long it is applied will 
determine how proximal the syndesmotic and 
interosseous injury extends, sometimes resulting 
in a proximal fibula fracture (Maisonneuve 
Fact Box
• Isolated MLC injuries are rare.
• Arthroscopy to identify MLC injury and 
treat additional osteochondral pathol-
ogy is advocated for high-level athletes 
suffering a complete deep and superfi-
cial MLC injury.
• RTP in isolated MLC injuries is 
expected after 6–8 weeks.
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 fracture) [144]. Another injury mechanism for 
syndesmotic ankle sprains is hyperdorsiflexion. 
Forced dorsiflexion of the ankle causes the wider 
anterior talus to act as a wedge that can cause 
injury to the syndesmotic ligaments.
Injury to the syndesmotic ligaments occurs in 
3–6% of footballers with an ankle sprain [70, 
145]. It is likely that this is an underestimate, 
since 20% of athletes suffering an acute ankle 
sprain had evidence of syndesmotic injury on 
MRI [104]. Football has a relatively high inci-
dence rate of syndesmotic ankle sprains (31 per 
100,000 athletic exposures) [141]. Male sex, 
higher level of competition and a planovalgus 
foot alignment are risk factors for syndesmotic 
injury in athletes [141, 144]. Syndesmotic 
involvement following lateral ligamentous injury 
was the most predictive factor of chronic ankle 
dysfunction at 6 months post-injury [33]. Missed 
and chronically unstable syndesmotic injuries 
may to lead to early osteoarthritis [144].
29.4.2  Clinical Presentation
Patients with syndesmotic injury may complain 
of the inability to bear weight, swelling, pain dur-
ing the push-off phase of gait and pain anteriorly 
between distal tibia and fibula, as well as postero-
medially at the level of the ankle joint [49]. 
Inspection may reveal oedema and ecchymoses 
around the lateral aspect of the ankle. ROM is 
often limited with an empty or painful end feel at 
terminal dorsiflexion [87]. Anterior tenderness 
between tibia and fibula should be evaluated; 
there is a significant correlation between how far 
this tenderness extends up the leg and injury 
severity and time to RTP [89]. Local tenderness 
is, however, not specific in the acute setting, as 
40% of the patients with an ATFL disruption 
reported pain in the area of the AITFL, while 
arthroscopy showed no syndesmotic injury [130].
Numerous special tests are used to detect syn-
desmotic injury. The external rotation test and the 
squeeze test are the most commonly described 
tests, but the Cotton test and the fibular transla-
tion test are also widely used. A systematic 
review on eight different tests reported a low 
diagnostic accuracy of all tests [115]. As no sin-
gle test was sufficient to identify ankle syndes-
mosis injury with certainty, the authors speculated 
that a combination of tests and inclusion of other 
elements, such as symptoms and the patient’s his-
tory, might further assist in the diagnosis [115]. 
The recommended clinical tests in the most 
recent consensus statement on isolated syndes-
motic injuries include tenderness on palpation 
over the AITFL and PITFL, the fibular translation 
test and the Cotton test [129]. If clinical tests 
raise suspicion of a syndesmotic injury, addi-
tional imaging should be performed. One study 
examined the ability of syndesmotic tests to pre-
dict recovery time; athletes with a positive test on 
either the external rotation test or the dorsiflexion- 
compression test were significantly more likely 
to have a delayed RTP.
29.4.3  Diagnosis
Initial radiographs are recommended to assess 
bony integrity and stability of the ankle mortise. 
If there is a clinical or radiographical suspicion of 
a Maisonneuve fracture, radiographs with full- 
length views of the lower leg are needed. The tib-
iofibular clear space, defined as the distance 
between the medial border of the fibula and the 
lateral border of the posterior tibia, provides the 
most reliable radiographic parameter of diastasis 
(e.g. syndesmotic injury) [40]. It should not 
exceed 6 mm in both the AP and mortise views 
[40]. Biomechanical studies suggest that stress 
radiographs probably offer little advantage over 
plain views in assessing syndesmotic stability 
[10, 129]. Recently, bilateral standing CT is 
emerging as an alternative diagnostic stress view, 
although prospective comparatively controlled 
data is lacking [139].
MRI effectively displays the structures of the 
syndesmosis and possible associated injuries and 
is the authors’ investigation of choice for sus-
pected syndesmotic ligament injury [129]. MRI 
showed a sensitivity of 100% and a specificity of 
93% for AITFL injuries and sensitivity and speci-
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ficity of 100% for PITFL tears [120]. However, 
there is no association between the extent of 
 syndesmotic injury on MRI and the time to RTP 
[51]. A high prevalence of associated injuries was 
found in a retrospective MRI study, including 
osteochondral lesions (28%), bone contusions 
(24%) and osteoarthritis (10%) [13].
Dynamic ultrasound examination showed a 
66–100% sensitivity and 91–100% specificity for 
AITFL rupture [84, 86]. It has the disadvantage 
that it lacks the ability to detect associated inju-
ries and it is investigator dependent [129]. The 
use of ultrasonography for diagnosing isolated 
syndesmotic injury is not recommended in the 
latest consensus statement [129].
29.4.4  Treatment and Rehabilitation
Treatment is based on the severity of the syndes-
motic injury: grade I represents a mild sprain to 
the AITFL without instability; grade II involves a 
tear of the AITFL and a partial tear of the IOL 
with some instability; and grade III represents 
definite instability with complete rupturing of all 
the syndesmotic ligaments [33].
Grade I injuries without instability and only 
partial disruption of the AITFL are treated with 
non-surgical management [82]. A three-phase 
approach is recommended: an acute phase, a sub-
acute phase and an advanced training phase. In 
the acute phase, management entails immediate 
RICE. If the patient has significant pain, immobi-
lization in a NWB cast or boot using crutches for 
2–3 weeks can be considered [129]. Partial 
weight bearing (PWB) commences when pain 
complaints have subsided or approximately 
3 weeks post-injury as tolerated. Elite athletes, 
however, might show quicker recovery: 3–5 days 
NWB in a boot, followed by 7–10 days of weight 
bearing [53]. ROM and light proprioception exer-
cises are started early, although end-range dorsi-
flexion should be limited in the early stage of 
rehabilitation to prevent excess stress on the 
injured distal tibiofibular joint, for instance, by 
the use of tape or altered exercise positions [87]. 
Patients are progressed to the subacute phase of 
treatment when pain and oedema are controlled 
and the patient can walk with a minimally antal-
gic gait on various surfaces. It consists of pro-
gressive mobilization, strengthening in the 
pain-free ROM and FWB. Progression to the 
advanced training phase is based on the ability to 
jog and hop repetitively without pain [143]. In 
this last phase, the athlete is prepared for a safe 
RTP. This includes more advanced neuromuscu-
lar, agility drills and sports-specific tasks, such as 
dribbling in football [144]. Exercises begin slow, 
with movement in a single direction, and pro-
gressively become more quick, intense and 
dynamic. A (stirrup) brace or tape is frequently 
used to support the ankle joint.
Treatment of grade II injuries depends on sta-
bility [129]. Recreational football players with a 
competent PITFL and MLC without diastasis can 
be treated nonoperatively with good results [53]. 
Conservative treatment consists of a NWB cast 
for 6–8 weeks. The athlete is then transitioned to 
progressive weight bearing in a walking cast and 
then eventually to a soft ankle brace. A recent 
study in athletes with a clinically stable syndes-
mosis, however, showed good results with only 
10 days of NWB and a minimum of 3 weeks 
weight bearing in a walking boot [14]. This study 
also found that a positive squeeze test and injury 
to the ATFL and MLC are important factors in 
differentiating stable (grade IIa) from dynami-
cally unstable grade II injuries (grade IIb). 
Rehabilitation of grade IIa injuries is commenced 
as described above. For a high-level football 
player with a grade II injury and clinical or radio-
logical suspicion of dynamic instability (type IIb) 
(Fig. 29.3), an examination under anaesthesia 
and arthroscopic visualization of the syndesmo-
sis is recommended [53, 68]. Dynamic diastasis 
of 2 mm or more warrants fixation [82]. Early 
anatomic reduction and fixation lead to a poten-
tial quicker RTP in comparison with non-surgical 
treatment [57].
Grade III injuries are uncommon in (profes-
sional) football, inherently unstable and often 
associated with other injuries. Operative fixation 
is necessary to maintain anatomic reduction of 
the mortise. Screws or suture buttons (Fig. 29.4) 
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are used to stabilize the syndesmosis. Outcomes 
are similar, but the use of suture button devices 
might lead to a quicker RTP and a lower rate of 
implant removal [108, 129]. Arthroscopic 
 visualization can identify and address any addi-
tional intra-articular pathology. Postoperatively, 
the ankle is treated in a NWB splint for 
10–14 days, followed by early ROM exercises 
with PWB at 3–4 weeks postoperative. FWB is 
commenced at 4 weeks as tolerated with continu-
ation of strength and proprioception training.
Syndesmotic ruptures are commonly associ-
ated with ankle fractures. After reduction and 
fixation of the malleolar fractures and/or associ-
ated ligaments, intraoperative testing of the syn-
desmotic stability should be performed. The 
Hook or Cotton test is regarded as the most reli-
able intraoperative stress tests [123]. Arthroscopy 
can aid in the diagnosis of syndesmotic injury 
and possibly help in determining the stability of 
the syndesmosis [14], although a ruptured 
AITFL does not automatically mean instability. 
Suspected acute syndesmosis injury
Delayed examination 5 to 10 day post injury:
- Tenderness over AITFL
- Positive squeeze test
- Positive dorsiflexion/external rotation test
Imaging:
- X-ray (weight-bearing AP and mortise)
- MRI
Grade I Grade II Grade III
- Deltoid ligament injury
-positive external rotation
 with positive squeeze test
-Tenderness over IOL
-Suspicion of widened














Fig. 29.3 Treatment algorithm for suspected injury of the syndesmosis (Adapted from Ballal et al., 2016 [6])
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Whenever in doubt about syndesmotic instabil-
ity, stabilization should be performed, because 
of the problems caused by chronic syndesmotic 
instability [123].
29.4.5  Return to Play and Prevention
Athletes who sustain an associated syndesmotic 
injury take twice as long to RTP compared to 
those who sustain an isolated lateral ligament 
injury [146]. This finding was reconfirmed in 
professional football players: mean lay-off of 
43 ± 33 days for syndesmotic injury versus 
15 ± 19 days for lateral ligament injury [140].
RTP in grade I injuries is usually at 6–8 weeks 
post-injury. A RTP prediction formula with a 
95% confidence interval for athletes with syn-
desmotic injury, without a fracture or frank 
diastasis, was developed: time to RTP equals 
5 + (0.93 × [tenderness length in centime-
tres]) ± 3.72 days [89].
Professional athletes with stable isolated 
grade II syndesmotic injuries are reported to RTP 
at a mean of 45 days, compared with 64 days for 
those with unstable grade II injuries [14]. All ath-
letes returned to the same level of professional 
sports. Furthermore, athletes with injury to both 
the AITFL and deltoid ligament took longer to 
RTP than those with an AITFL injury alone, and 
IOL injury on MRI and PITFL injury on MRI 
were both independently associated with a delay 
in RTP [14].
RTP in surgically treated grade III injuries is 
between 10 and 14 weeks post-injury [53, 144], 
although RTP as early as 6 weeks has been 
described [122]. When comparing surgically 
treated grade III syndesmotic injuries with con-
servative treatment, there is little long-term dif-
ference in symptoms and athletic performance. 
However, RTP in the surgically treated athletes 
was on average 3 weeks quicker. As RTP for pro-
fessional football players is critical, a more 
aggressive surgical treatment is recommended. 
To enhance the outcomes in non-operative syn-
desmotic injury, two studies evaluated the use of 
ultrasound-guided platelet-rich plasma (PRP) 
injection in the AITFL in athletes suffering a 
grade III syndesmotic injury [74, 105]. Athletes 
receiving PRP injections returned to play signifi-
cantly sooner (21 days and 19 days, respectively) 
and also had less pain than controls. However, 
further study is warranted for this potential treat-
ment before it can be recommended as part of 
routine management options [139].
RTP in syndesmotic injury is permitted when 
able to single-leg hop for 30 s without significant 
pain [82]. Furthermore, patients should be able to 
perform football-specific tasks at game speed 
with good movement quality and little to no pain 
or instability [143]. Another study defined RTP 
criteria for syndesmotic injury as follows: com-
fort with push-off and cutting manoeuvres, 
80–90% symmetry in single-leg broad jumps and 
normal FADI scores. To our knowledge, there are 
no specific studies on prevention of syndesmotic 
reinjury. Although it might be assumed that neu-
romuscular bracing and/or taping is beneficial, 
injury mechanisms differ, and further investiga-
tion is required to increase our understanding of 
syndesmotic injuries and improve treatment and 
prevention of this significant injury [144].
Fig. 29.4 Postoperative radiograph of ankle following 
two TightRopes® fixation
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29.5  Osteochondral Defects
29.5.1  Introduction
An osteochondral defect (OCD) is a lesion 
involving the articular cartilage and its subchon-
dral bone. An OCD is mostly caused by a single 
or repetitive trauma. Non-traumatic aetiologic 
factors have been described as well (“osteochon-
dritis dissecans”) [101]. OCDs can either heal 
and remain asymptomatic, stabilize or progress 
to subchondral bone cysts.
Ankle sprains are considered the most com-
mon cause of ankle OCDs. During an ankle 
sprain, the talus twists inside the ankle mortise, 
and the cartilage linings of distal tibia and talar 
dome are forcefully pushed upon each other. The 
degree of injury depends on the force exerted and 
on the range of abnormal motion. The impact 
may lead to subchondral bruising and subsequent 
softening of the cartilage, to a crack and subse-
quent cyst formation or to the shearing off of a 
chondral or osteochondral fragment. Most OCDs 
are located on the talar dome, especially on the 
anterolateral and posteromedial side [101]. 
Medial talar lesions are caused by an inversion of 
the foot and a plantar-flexed ankle, whereas lat-
eral talar lesions are caused by eversion of the 
foot with the ankle in dorsal flexion. Medial talar 
OCDs are not only more common (62% vs. 34%) 
but are larger and deeper than lateral lesions [26].
The reported incidence of OCDs varies 
widely, both in acute ankle sprains (5–73% [76, 
77, 121]) and chronic ankle instability (7–41% 
[11, 121]). There are no studies on the incidence 
and severity of OCDs in football. Early and accu-
rate diagnosis of OCDs of the talus is important 
because optimal ankle joint function requires 
talar integrity. However, both clinical and radio-
logical recognitions of an OCD can be difficult, 
potentially leading to suboptimal treatment.
29.5.2  Clinical Presentation
Symptoms of an acute OCD are often unrecog-
nized, as the swelling and pain from the ligament 
injury prevail. If these symptoms persist 
4–6 weeks post-injury, the possibility of an OCD 
should be considered [101]. Patients generally 
present with deep ankle pain on weight bearing. 
Lateral OCDs in general cause more symptoms 
than medial ones [131]. Reactive swelling and 
stiffness can be present, but the absence of swell-
ing does not rule out an OCD. Locking and catch-
ing are symptoms of a displaced fragment, 
although this is less common [78]. Most patients 
demonstrate a normal ROM. Recognizable ten-
derness is typically not present, as most OCDs 
are not reachable by palpation, but can be present 
in the case of synovitis.
29.5.3  Diagnosis
If an OCD is suspected, plain radiographs should 
be taken. A heel-rise view with the ankle in a 
plantar-flexed position may be helpful in detect-
ing a posteromedial or posterolateral defect 
[138]. Displaced or large OCDs are likely to be 
detected on initial radiographs. More often, no 
abnormalities are found on the primary radio-
graphs. By repeating the radiographs in a later 
stage, the defect sometimes becomes visible 
[149]. A combination of medical history, physi-
cal examination and radiographs results in a sen-
sitivity of 59% and a specificity of 91% [138].
CT scans provide a more detailed visualiza-
tion of the lesion. It is useful in determining the 
size, location, shape and degree of displacement 
of osteochondral fragments. Furthermore, a CT 
Fact Box
• Syndesmotic injury generally occurs in 
association with other osteoligamentous 
injuries, especially fractures.
• Stable syndesmotic injuries (grades I 
and IIa) should be treated conserva-
tively, whereas unstable injuries (grades 
IIb and III) warrant surgical fixation.
• RTP is generally prolonged in syndes-
motic injury and allowed when able to 
single-leg hop for 30 s.
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provides information about possible associated 
cysts. CT is often invaluable in preoperative 
planning and is our imaging modality of choice 
in OCDs. The sensitivity and specificity of CT 
to detect an OCD are 81% and 99%, respec-
tively [138].
MRI offers the advantage of visualizing the 
articular cartilage and subchondral bone, as 
well as oedema and other associated soft-tis-
sue injuries. Nevertheless, CT has proven to 
be as valuable as MRI in diagnosing an OCD 
[138]. Moreover, the true extent of the OCD 
may be obscured by concomitant bone marrow 
oedema [72].
29.5.4  Treatment and Rehabilitation
Several classification systems for ankle OCDs 
exist. Historically, a staging system based on 
plain radiographs was used [8]. In grade I, there 
is local compression of the cartilage and sub-
chondral bone, and usually there are no radio-
graphic findings. In grade II, there is avulsion or 
partial detachment of the osteochondral frag-
ment, but the main part is still attached to the 
talus. In grade III, there is complete avulsion of 
an osteochondral fragment without any displace-
ment. In grade IV, the osteochondral fragment is 
completely detached and displaced inside the 
ankle joint. Later, grade V was added, which 
included subchondral cysts [78]. More recent 
classifications systems are based on CT, MRI and 
arthroscopic findings [16, 27, 44, 98]. The use of 
these classification systems is questionable, since 
none of the systems are sufficient to direct the 
choice of treatment [138].
Conservative treatment should be considered 
for nondisplaced OCDs, as well as for asymp-
tomatic or mild symptomatic lesions [79, 101]. It 
consists of rest and/or limited (athletic) activities, 
sometimes by cast immobilization for 3 weeks up 
to 4 months [138], NSAIDs and protected weight 
bearing [39]. The aim is to unload the damaged 
cartilage, so oedema can be resolved and necrosis 
is prevented [101]. Systematic reviews on con-
servative treatment of talar OCDs showed a suc-
cess rate of only 45–56% [138, 149]. These low 
overall success rates are mostly due to the avas-
cular nature of the hyaline cartilage, which limit 
the healing potential of the articular surface [79].
Operative treatment is indicated in the acute 
setting when the lesion is displaced and in the 
more chronic setting when conservative treat-
ment fails to improve patient symptoms. A wide 
variety of surgical techniques has been described 
[39]. It generally involves repair or replacement 
of the damaged OCD. The specific operative 
techniques utilized vary based on symptomatol-
ogy, size and location of the defect and whether a 
primary or secondary OCD. Current literature 
suggests that arthroscopic bone marrow stimula-
tion (BMS) via drilling or microfracture is the 
preferred treatment for primary talar lesions up to 
15 mm in diameter [39]. However, a recent sys-
tematic review suggested that BMS may be best 
reserved for lesions of <107 mm2 in area or 
10 mm in diameter [100]. Overall, short- and 
midterm results of BMS of small isolated talar 
OCDs are generally good [23, 79]. Recent stud-
ies have attempted to augment OCD healing by 
injecting PRP or hyaluronic acid as an adjunct to 
arthroscopic microfracture [56, 112]. Although 
functional improvement has been reported fol-
lowing injection, further double-blinded evalua-
tions in greater numbers are necessary [79].
For larger or secondary OCDs, autologous 
osteochondral transplantation (AOT) techniques 
are used [39]. Autologous osteochondral grafts 
are most commonly harvested from the ipsilat-
eral knee and implanted as single or multiple 
plugs (mosaicplasty). The primary concern with 
osteochondral autografts is donor-site morbidity, 
which is seen in up to 12% of the cases [79, 149]. 
This is especially relevant for professional foot-
ball players, since knee pain may prevent the 
patient from returning to play [32]. AOT provides 
good functional outcomes in the short- and 
medium term [34]. Some larger primary frag-
ments are best treated with reduction and fixation 
[63]. Osteochondral allograft transplantation 
and, more recently, cell-based techniques, such 
as autologous chondrocyte implantation, have 
been used for the treatment of large OCDs. Well- 
designed clinical trials of high methodological 
quality are, however, lacking, and these 
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 techniques should only be used in carefully con-
sidered patients in whom other primary tech-
niques have failed previously [63]. The course of 
rehabilitation in larger or secondary lesions 
depends on the specific surgical technique but 
generally involves longer periods of PWB. In the 
case of fixation or procedures involving malleo-
lar osteotomy, at least 4–6 weeks of NWB is 
advised [88]. Prolonged periods of immobiliza-
tion lead to muscle atrophy and joint stiffness, so 
training for ROM and strength is especially 
important in the early phase of rehabilitation. 
Further training of proprioception and later 
sports-specific skills is then commenced.
29.5.5  Return to Play and Prevention
For arthroscopic BMS, a four-level activity reha-
bilitation scheme has been proposed (Fig. 29.5) 
[132], derived from rehabilitation after Achilles 
tendon rupture. The first level of activity phase is 
a gradual return to normal walking. Early train-
ing for ROM is important in this phase. Allowing 
FWB depends on the size and location of the 
defect; a lesion up to 1 cm is allowed to progress 
to FWB within 2–4 weeks, whereas larger and 
anteriorly located lesions require up to 6 weeks 
of PWB [132]. The second level of activity phase 
involves progression from walking to running on 
even ground. This is usually permitted between 
12 and 16 weeks postoperatively. Proprioception 
should be optimized, whereas lower-leg left/right 
strength differences should be <12%. After 
increased activity, pain and swelling should have 
ceased after 24 h. The third level of activity phase 
is a return to noncontact activities. This is usually 
possible between 20 and 24 weeks. Further train-
ing of sports-specific skills is then commenced. 
Some pain may occur after increased activity but 
should be absent after 24 h. The fourth and final 
level activity phase involves return to contact 
sports, which is permitted from 24 weeks and up. 
Final training for speed, muscle strength and 
endurance should enable running on uneven 
ground, generating explosive force, changing 
direction and other sports-specific movements.
An average RTP of 15 ± 4 weeks in athletes 
treated with BMS has, however, been reported 
[107]. With regard to football players after BMS, 
a 94% RTP is described [111], although studies 
in a mixed population generally report lower 
rates (63–79%) [63, 133]. Prognostic factors for 
early RTP have been established as younger age, 
lower body mass index, smaller OCD size and 
coordinated physical therapy [114].
The RTP in athletes treated with autologous 
bone grafts is significantly longer than that of the 
BMS group (19.6 ± 5.9 weeks) [107]. Ninety per-
cent of professional athletes and 87% of recre-
ational athletes were able to return to pre-injury 
activity levels [30]. Additional medial malleolar 
osteotomy only resulted in 2 weeks extra RTP 
delay. Medial malleolar osteotomy is, however, 
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Fig. 29.5 Timetable recovery after BMS (Reprinted with permission from Gerards R et al., 2014 [32])
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not recommended in professional football play-
ers, since it could lead to persisting ankle stiff-
ness, malunion, non-union and degenerative 
changes due to the osteotomy [32]. In a case 
series of athletes who underwent autologous 
bone grafting, 90% of the athletes were still com-
peting at a mean follow-up of 6 years [30]. A 
recently introduced arthroscopic “one-step” bone 
marrow-derived cell transplantation technique 
showed a RTP of 6.6 ± 4.8 months post-injury. 
All patients were able to return to activity, and 
73% were able to resume sports at pre-injury 
level [135].
As sprains are the major cause of OCDs, ankle 
injury prevention should be stressed. Multiple 
ankle sprains should especially be avoided, since 
repetitive micro damage can accumulate in mac-
roscopic failure. Various modes of prevention 
have been discussed in the preceding chapters, 
including neuromuscular training and the use of 
tape or braces.
Take-Home Message
Ankle injuries are common in modern football. 
Adequate examination and appropriate imaging 
are necessary to identify ankle injuries, including 
potential associated pathology. Most (ligamen-
tous) ankle injuries in football can be treated con-
servatively. However, early surgical fixation is 
sometimes indicated and could lead to an earlier 
RTP. Rehabilitation should be performed accord-
ing to the biological phases of healing. Full 
ROM, normal running pattern without pain and 
90% pre-injury score on both strength and func-
tional performance tests are minimal require-
ments for RTP.
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30.1  Introduction
A football-induced stress fracture in the foot 
occurs when the bone is unable to withstand the 
recurrent stresses of training or game. There is 
scarce literature in male football (see five best 
evidence-based citations box), but we know that 
every team can expect a lower extremity stress 
fracture every third season [1]. It also shows that 
the most common stress fracture site is the fifth 
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metatarsal (78%), that younger players are more 
prone to suffer from one and that 29% are reinju-
ries. In female football the overall reported inci-
dence of stress fractures is 13.6%, and the specific 
importance of the pathogenesis in the female ath-
lete has been highlighted in recent reports [2]. 
Risk factors can be identified (Table 30.1) in an 
attempt to target the “high-risk” groups in order 
to prevent stress fractures in the football players’ 
feet. A high index of suspicion is required since 
many players that complain will present with 
normal plain radiographs that can underestimate 
the incidence.
30.2  Stress Fracture 
of the Navicular
30.2.1  Functional Anatomy
The area available for blood supply is limited 
because the navicular bone is extensively cov-
ered by articular cartilage. The blood supply to 
the navicular bone is received via the dorsalis 
pedis and the posterior tibial arteries. The blood 
supply enters the bone mainly via the dorsal 
and plantar surfaces at the insertion of the tibi-
alis posterior tendon. The vascular network 
branches out medially and laterally, but the cen-
tral third is relatively avascular. This area has 
been described as “a watershed area” and is the 
site most vulnerable to stress fractures and non-
union [3, 4].
30.2.2  Biomechanics
The navicular bone functions biomechanically as 
the link between the midfoot and the hindfoot 
and couples the movement between the talo- 
navicular and the subtalar joint. It serves as a key-
stone of the medial longitudinal column, and it 
relates anatomically to the head of the talus as 
well as the anterior process of the calcaneus. The 
talo-navicular joint needs to be mobile if it wants 
the subtalar joint to function properly. In case a 
navicular stress fracture occurs, the medial longi-
tudinal arch can collapse and result in a combined 
loss of supination [3, 5, 6].
During football foot strike, the navicular bone 
is maximally compressed between the proxi-
mally located talar head and the distally located 
first and second metatarso-cuneiform (MTC) 
joints. When sprinting for a ball, the navicular 
bone experiences maximum compressive forces 
during the end of the stance phase when the fore-
foot becomes loaded. Maximum compressive 
and shear stresses are seen at the central third of 
the navicular at the junction between the first and 
the second MTC joints (nutcracker effect) [7]. 
Knowing that this area is also the watershed area 
of blood supply, it makes it the most vulnerable 
area to stress fractures. Therefore, football play-
ers who engage in forceful push-offs, sprints, 
deceleration twists and jumps (e.g. wingers) are 
more prone to navicular stress fractures.
30.2.3  Risk Factors
Pes cavus, limited ankle dorsiflexion, restricted 
subtalar motion, short first MT, long second MT 
and metatarsus adductus have all been labelled as 
predisposing factors for navicular stress fracture 
([7], Table 30.1). Football players have frequently 
some grade of reduced ankle dorsiflexion (ante-
rior impingement) that is accumulated by these 
potential predisposing factors. This makes the 
Table 30.1 Important risk factors for stress fractures
Intrinsic risk factors Extrinsic risk factors
1. Age
– Male: incidence decreases 
after 17 years of age




2. Low body mass index 
(BMI)
2. Hard-surface running
3. Decreased muscle strength 3. Training schedule 
changes
4. Anatomical factors
– Low cross-sectional area
– Leg length discrepancy
4. Alcohol/smoking
5. Lack of physical activity 5. Vitamin D low levels
6. Female athlete triad 
(menstrual dysfunction, 
low bone mineral density, 
eating disorders)
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midfoot to compensate with a larger excursion 
and increases motion, resulting in navicular 
impingement during dorsiflexion.
30.2.4  Clinical Assessment
Football-induced stress fractures of the foot 
require a high clinical index of suspicion since 
the clinical signs can be very limited. Due to the 
initial non-specific and mild symptoms, delay in 
diagnosis is common in most of the reported 
series [4]. Players typically present with activity- 
related dorsal (or occasionally non-specific) foot 
pain that abates at rest. No obvious swelling or 
bruising is commonly seen, but the pain may be 
aggravated while standing on tiptoes. At a later 
stage, the symptoms can affect activities of daily 
living, and the pain will present over the dorsum 
of the navicular between the tendons of tibialis 
anterior and extensor hallucis longus. This area 
corresponds to the central third of the navicular 
and has been termed the N spot [3]. Frequently, 
players present with a cavo-varus alignment, nor-
mal ankle ROM and normal strength. Cavo-varus 
alignment is related to reduced midfoot motion 
that can absorb less the required loads during 
football activity. Once identified, this can be 
addressed by adequate orthotic support. Other 
risk factors like aberrant technique, equipment 
issues and training/match overuse should also be 
addressed and carefully ruled out.
30.2.5  Investigations
30.2.5.1  Plain Radiograph
A standard first-line imaging tool is the weight- 
bearing anteroposterior, lateral and oblique view 
on the plain radiograph of the foot. However, 
there is a low sensitivity of plain radiographs in 
the diagnosis of a navicular stress fracture. The 
main reason is that navicular stress fractures occur 
in the sagittal plane and involve the central third. 
That makes it difficult to get the X-ray beam truly 
perpendicular to the fracture plane. Another reason 
is that most of these fractures are incomplete and 
do not involve the plantar cortex which makes them 
invisible on plain radiographs until osteoclastic 
resorption has taken place [4]. Additional imaging 
such as 3D bone scintigraphy (bone scan), com-
puted tomography (CT) or magnetic resonance 
imaging (MRI) are very helpful in case of clinical 
suspicion towards definitive diagnosis. There is no 
superiority of one investigation over the other, and 
each has its specific diagnostic advantages (Tables 
30.2 and 30.3) as described below:
30.2.5.2  Bone Scan
Bone scan has a high sensitivity but low specific-
ity and s-hould not be used as a first-line 
Fact Box 2
Do not rely on plain radiographs only for 
the diagnosis of foot stress fractures. MRI 
and/or bone scan is often needed to make 
the correct diagnosis.
Table 30.2 Typical features of imaging modalities in 
lower extremity stress fractures
Imaging modality Sensitivity (%) Specificity (%)
Plain radiograph 12–56 88–96
Ultrasound 43–99 13–79
CT scan 32–38 88–98




Table 30.3 Kaeding and Miller classification system (a 
validated stress fracture classification system)
Grade Pain Imaging
1 No No fracture line (CT, sclerosis; MRI, 
oedema; bone scan, increased uptake)
2 Yes No fracture line (CT, sclerosis; MRI, 
oedema; bone scan, increased uptake)
3 Yes Undisplaced fracture
4 Yes Displaced fracture
5 Yes Non-union
Fact Box 1
Always suspect a stress fracture in an ath-
lete who presents with dull foot pain, local-
ized to the bone, that increases on activity 
and is relieved on rest.
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 investigation. However, it can be helpful when 
CT and/or MRI fail to demonstrate a clear diag-
nosis [3].
30.2.5.3  CT Scan
CT scan can delineate fracture lines accurately 
and is a reliable modality in the stress fracture 
spectrum (Fig. 30.1). It is recommended to ask 
for thin coronal slices (0.625 mm) through the 
plane of the talo-navicular joint. A CT-based 
classification system based on the fracture pat-
tern was introduced by Saxena et al. ([8], Box 1).
Although clinical union often precedes signs 
of radiological union, CT scan can also be used 
to monitor healing. As early as 6 weeks after 
injury, dorsal cortical proliferation can be seen 
as the first radiologic sign of healing. Fracture 
consolidation can be expected between 3 and 
4 months, but a persistent medullary cyst or cor-
tical notching can remain even after complete 
fracture healing [9].
30.2.5.4  MRI Scan
MRI scan is superior to detect pre-fracture stage 
bone oedema and stress reaction but is inferior to 
CT scan in identifying the stress fracture itself. 
When a stress fracture is suspected, the initial 
imaging modality should be CT to visualize the 
fracture line. If the CT does not demonstrate a 
fracture, an MRI is the next appropriate imaging 
modality to determine whether a stress reaction is 
occurring ([3], Fig. 30.2).
30.2.6  Differential Diagnosis
• Navicular stress reaction (NSR): This repre-
sents a stress reaction with identical clinical 
fracture-like symptoms and changes on bone 
scan and MRI but no obvious fracture line 
seen on CT scan. The observed bony changes 
can be considered as a precursor to a frank 
stress fracture and a bone remodelling 
attempt in response to stress/load [7]. In case 
of early NSR identification, a conservative 
protocol with gradual return to football is 
advised.
• Osteochondritis dissecans (OCD): This entity 
should not be confused with a stress fracture 
or a stress reaction. It usually has a traumatic 
aetiology and affects the central third of the 
navicular just like a stress injury. Most foot-
ball players are affected around the age of late 
teens to 20s, although occasionally it can be 
seen at a later age. In this condition, a cartilage 
injury occurs usually at the junction of the 
a b
Fig. 30.1 28-year-old elite football player with a navicular stress fracture. (a) Axial CT view, (b) sagittal CT view
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middle and medial third of the navicular. 
Frequently, fragmentation and cyst formation 
can be seen on CT just below the articular sur-
face, and on the MRI a “halo” of increased 
signal denotes a more active lesion. This con-
dition starts dorsally and proximally and heads 
distally but does not extend to the plantar area 
of the navicular bone and does not progress to 
a stress fracture. Since OCD is often self- 
limiting, a conservative treatment with activ-
ity modification, orthotic support, injection 
and relative rest is indicated. In case of 
 significant articular damage, the prognosis for 
return to play is poor, and surgery can be 
indicated.
30.2.7  Therapeutical Options and/or 
Surgical Technique
There are no clear guidelines supported by solid 
literature regarding the best treatment options. In 
order to guide management, stress fractures of the 
lower extremities have been divided into “high-
risk” and “low-risk” groups that can assist in mak-
ing the proper treatment choice ([1], Table 30.4).
Most literature that compares surgery versus 
conservative therapy is retrospective, not repre-
senting equal groups and struggles with under-
powered sample sizes. Incomplete reporting, lack 
of validated outcome tools and inconsistent fol-
low- up make it impossible to rely on the presented 
guidelines. Recent meta-analyses present a 
6–8 week non-weight-bearing cast as the treat-
ment of choice for incomplete fractures and non- 
displaced complete fractures [10–12]. Gradual 
return to football training is then genuinely started 
8 weeks post trauma. The three-fracture type clas-
sification by Saxena et al. ([8], Box 1) can also 
guide the treatment of navicular stress fractures.
Fig. 30.2 Axial T2 MRI view of navicular stress reaction 
over the typical “nutcracker effect” area (23-year-old 
football player)
Box 1 Classification of navicular stress 
fractures (Saxena et al.)
Type 1: fracture involves dorsal cortex only
Type 2: fracture extends from dorsum into the 
navicular body
Type 3: complete bicortical disruption
From Saxena A, Fullem B, Hannaford D. Results of 
treatment of 22 navicular stress fractures and a 
new proposed radiographic classification system. J 
Foot Ankle Surg 2000:39(2);98
Table 30.4 Foot/ankle “high-risk” stress fractures with 




Medial malleolar fractures Calcaneus




Hallux sesamoidal fractures Lateral malleolus
Fifth metatarsal fractures
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A conservative non-invasive treatment is 
advised in type 1 fractures and surgery for type 2 
and 3 fractures. In selected elite football cases, 
however, surgery can be indicated even in a type 
1 fracture to assist in early return to play and 
reduce the refracture rate. This is supported by 
recent literature [13] stating that there is a low 
threshold for surgery in the elite athlete, even in 
type 1 fractures. Further research is needed to 
define and fine-tune the treatment guidelines in 
these three-type fracture patterns.
Open or percutaneous surgery is indicated in 
displaced fractures, delayed union or non-union 
[4, 14]. A longitudinal incision between the tibi-
alis anterior and tibialis posterior tendons is used 
just medial to the neurovascular bundle [15]. 
After identifying the fracture, any sclerotic bone 
must be removed, and a bone graft (autologous 
iliac crest) can be impacted in the remaining gap 
while stabilizing the fracture with (preferably) 
two compressive screws. Commonly, two partial- 
threaded cannulated screws, placed lateral to 
medial, are used in a parallel fashion, but also 
cross-screw configurations have been described. 
It is recommended to place the first screw from 
proximal and dorsal, while the second screw 
should be more distal and plantar. Due to the heli-
coidal shape of the navicular bone, caution must 
be taken not to enter the joint. Therefore, it is 
mandatory to use intraoperative fluoroscopy, 
even in an open procedure. Sometimes it can be 
challenging to achieve an anatomical reduction, 
and in difficult cases, the use of assisted intraop-
erative CT scan can be very helpful. CT can also 
be helpful postoperatively to confirm bony heal-
ing and allow a return to football training.
30.2.8  Clinical Outcomes
Clinical outcome is positively correlated with the 
severity of the fracture, and (since this is a grad-
ual progressive condition) early diagnosis/treat-
ment is key ( [16], Box 2). Up to 50% of players 
remain symptomatic over the N spot despite bony 
consolidation and appear to not return to their 
previous level [17]. On average, it takes 4 months 
for a fracture to heal and 5 months before players 
return to sports [12]. Complications of navicular 
stress fractures include delayed union (25%), 
non-union (rare), refracture, persistent pain and 
degenerative arthritis.
30.3  Metatarsal (MT) Stress 
Fractures
The metatarsal area is a common site for stress 
fractures in football players [1]. Stress fractures 
of the second or the fifth MT are more common 
than the rest. Because of its unique anatomy and 
differing function, it is conventional to group MT 
fractures into fractures of the medial column 
(first MT), central column (second–third MT) 
and the lateral column (fourth–fifth MT).
30.3.1  Anatomy
Shape is not uniform across the five metatarsal 
bones. The first MT is the stoutest and bears max-
imum load, which is approximately one-third of 
the total body weight. Therefore, any displace-
ment of the first MT is poorly tolerated and 
results in a loss of normal weight-bearing func-
tion. The second MT is the longest of all five and 
absorbs the greatest stresses during normal 
weight bearing. The second tarsometatarsal joint 
Box 2 Recommended non-weight-bearing 
regimen for navicular stress fractures (de 
Clercq et al.)
0–6 weeks: non-weight bearing
6–8 weeks: weight bearing as able in removable 
cast
8–10 weeks: weight bearing out of cast, resistive 
strengthening exercise, light jogging
10–12 weeks: full running, sport-specific 
training
>12 weeks: full return to sports; patients 
progress to the next stage only if they remain 
asymptomatic
From de Clercq PFG, Bevernage BD, Leemrijse 
T. Stress fracture of the navicular bone. Acta 
OrthopBelg 2008;74(6):725–34
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(TMT) is a stable joint and is consequently the 
least mobile of all MTs.
The MT bones are supported by strong liga-
mentous attachments, proximally to the tarsal 
and phalangeal bones as well as distally. The MT 
heads are supported by deep-binding transverse 
MT ligaments, and therefore isolated fractures 
usually do not displace significantly.
In case of a MT fracture, the flexor digitorum 
longus and the intrinsic muscles can pull the 
distal fragment to plantar flexion, which then 
displaces the MT head plantar and proximal. 
This deformation results in metatarsalgia and 
plantar keratosis due to the increased localized 
loading there. Most stress fractures however 
present normally undisplaced. The fourth and 
the fifth MTs are attached firmly to the cuboid 
bone. This makes them more prone to delayed 
union because of the traction stresses that they 
need to absorb.
The proximal diaphysis of the fifth MT is 
supplied by a short recurrent single nutrient 
artery. The tuberosity of the fifth MT is supplied 
by numerous metaphyseal arteries. A watershed 
area exists between these two sources of blood 
supply and is located at the proximal metadi-
aphyseal junction distal to the tuberosity. This 
area is prone to delayed healing after a stress 
fracture [3].
30.3.2  Biomechanics
The MT length is considered an important factor 
in distributing the forefoot load during weight 
bearing. There is no clear evidence, however, of 
any relation between MT length and stress frac-
ture. Recent studies found that the MT length 
does not correlate with peak plantar loading pres-
sure [3, 18, 19] and that maximum stress on the 
MT 5 occurs 3–4 cm from the proximal end. This 
area responds with the typical location of the MT 
5 stress fracture [20]. The most typical area of 
fracture is proximally at the first MT and mid-
shaft or more distally at the second to fourth 
MTs. The second MT is most prone to stress frac-
tures because it needs to take on the highest 
bending stresses. This is especially true in women 
because they have a higher middle forefoot load-
ing than men.
The plantar aponeurosis supports the longitu-
dinal arch of the foot that is higher medial than 
lateral. It elevates and depresses the arch by the 
“windlass” and the “reverse windlass” mecha-
nism, respectively. By doing so, it can modulate 
forefoot stress. Injury or surgery on this plantar 
aponeurosis therefore increases the MT strain on 
weight bearing.
30.3.3  Risk Factors
Risk factors for MT stress fractures generally are 
divided into several categories (Table 30.1).
30.3.4  Clinical Assessment
The injured football player presents with a sud-
den physical activity-induced aggravation of 
chronic (prodromal) pain and inability to weight 
bear. Depending on the time of presentation 
swelling, ecchymosis and palpable callus may 
also be present.
To elicit any possible risk factors, a thorough 
history should be taken, and the threshold for 
investigation is to be low. The focus of clinical 
examination should be systematic and specifi-
cally assess gait, hindfoot alignment, flexibility, 
deformity, Achilles tendon tightness, ankle range 
of motion and callosity at the lateral border.
30.3.5  Return to Play
Stress fractures potentially result in prolonged 
absence from football. For stress fractures of the 
fifth MT, the mean absence from football is 
3 months [1, 2].
Fact Box 3
Always enquire about changes in the train-
ing schedule (“spikes” in load) and playing 
surface since changes are important risk 
factors in football.
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30.3.5.1  First Metatarsal Stress 
Fracture
Stress fractures at the first MT are rare, and most 
reports of proximal base stress fracture show 
healing with conservative management [21].
30.3.5.2  Second to Third Metatarsal 
Stress Fracture
Football players predominantly present with a 
fracture just proximal to the MT neck, but they 
can also occur even more proximal at the base 
[22]. Proximal fractures are at high risk for non- 
union, while the distal stress fractures have a 
good prognosis and faster recovery through con-
servative management. In football, extreme plan-
tar flexion (e.g. while jumping for a header) 
increases the risk for proximal fractures. Potential 
risk factures for proximal fractures are having a 
short first toe, tibialis anterior tightness, low bone 
mass and multiple fractures [23].
30.3.5.3  Fourth to Fifth Metatarsal 
Stress Fracture
The proximally localized stress fractures are also 
the problematic ones at the fourth and fifth 
MT. Stress fractures occur typically at the metadi-
aphyseal junction and are prone to delayed union 
[24]. More distal fractures are known to be more 
amenable to conservative management [25].
Players with cavus feet are especially at risk 
for sustaining a stress fracture at the fifth 
MT. Associations between restriction in hip rota-
tion and elevated calcaneal pitch have been found 
in football.
The so-called Jones fracture is an eponymous 
term that has given rise to widespread confusion 
in the literature between an acute fracture and a 
stress fracture. Stress fractures of the fifth MT 
have a typical presentation and occur at a specific 
site in the bone (Fig. 30.3). Anatomic site is the 
best way to describe these fractures. Although 
Fig. 30.3 Anteroposterior and lateral radiograph view of a “Jones fracture”
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there might be some overlap in the anatomical 
site of the injury, the site of a Jones fracture is 
typically more proximal than the classic fifth MT 
stress fracture. Delayed and non-union can also 
occur in type 3 fractures according to this classi-
fication, but these type 3 fractures are not typi-
cally stress fractures.
The differentiation between these two fracture 
types can be made by clinical examination and 
radiographs. Most stress fractures have prodro-
mal signs, risk factors and a typical radiograph 
that differs from the clear radiolucent line in an 
acute fracture.
Fifth MT stress fractures have been classified 
by Torg in three types (Fig. 30.4) of which type 2 
and 3 require surgical treatment ( [26], Box 3). 
Several classifications have been introduced to 
cover all aspects of this MT 5 stress fracture type, 
location, imaging signs and amount of diastasis 
(Boxes 3–6).
a b c
Fig. 30.4 Anteroposterior plain radiograph view of the three Torg types of MT 5 stress fractures in elite football play-
ers (a Torg 1, b Torg 2, c Torg 3)
Box 3 Classification for fifth metatarsal 
stress fractures (Torg et al.)
Type 1: periosteal reaction, early stress fracture 
(acute fracture lacking sclerosis)
Type 2: widened fracture line and intramedullary 
sclerosis, delayed union
Type 3: complete obliteration on intramedullary 
canal with sclerotic bone, established non-union
From Torg JS, Balduini FC, Zelko RR, et al. 
Fractures of the base of the fifth metatarsal distal 
to the tuberosity. Classification and guidelines for 
non-surgical and surgical management. J Bone 
Joint Surg Am 1984;66(2):209–14




30.3.6.1  Vitamin D
In football, there is a growing awareness of the 
importance of the role of vitamin D levels, par-
ticularly in Northern Europe (even the elite play-
ers), with several studies showing hypovitaminosis 
(some among the lowest levels) especially in 
winter [27].
30.3.6.2  Radiograph
Weight-bearing AP, lateral and oblique views of 
the foot need to be included in the radiological 
request. The initial stage may not show any 
changes on radiograph, but at later stages, perios-
teal reaction and callus formation appear 
(Fig. 30.5). In the first MT, periosteal reaction is 
Fig. 30.5 Anteroposterior plain radiograph view of an 
MT 2 stress fracture in a national team football player. 
Note the periosteal reaction on the MT 2 shaft
Box 4 Classification for fifth metatarsal 
stress fractures (Logan et al.)
Type I: at the junction of extra- and intra-
articular parts of the tuberosity
Type II: at the proximal fourth–fifth 
intermetatarsal joints
Type III: at the distal fourth–fifth intermetatarsal 
joints
Type IV: more distally in the diaphysis
From Logan AJ, Dabke H, Finlay D, et al. Fifth 
metatarsal base fractures: a simple classification. 
Foot Ankle Surg 2007;13(1):30–4
Box 6 Classification for fifth metatarsal 
stress fractures (Lee et al.)
Type A: complete fracture
  A1: acute complete stress fracture
  A2: acute on chronic complete stress fracture
Type B: incomplete fracture
  B1: plantar gap <10 mm as measured on 
oblique radiograph
  B2: plantar gap >10 mm
From Lee KT, Kim KC, Park YU. Radiographic 
evaluation of foot structure following fifth metatar-
sal stress fracture. Foot Ankle Int 2011;32: 
796–801
Box 5 Classification for fifth metatarsal 
stress fractures (Steward et al.)
Zone I: fracture involving the styloid process
Zone II: fracture involving the base (Jones’ 
fracture)
Zone III: fracture involving the  
metaphysiodiaphyseal junction (stress fracture)
From Steward IM. Jones’ fracture: fracture of base 
of fifth metatarsal. ClinOrthop 1960;16:190–8
Fact Box 4
In female football players, enquire about 
specific risk factors such as menstrual dis-
orders, eating disturbances and weight loss.
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uncommon but usually presents as linear sclero-
sis. About half of the MT stress fractures are 
unrecognized on plain radiographs, and (in case 
of clinical suspicion) it is advised to repeat radio-
graphs after 2 weeks.
30.3.6.3  Ultrasound
Most professional football teams have direct 
access to ultrasound examination. Ultrasound is 
sensitive, is easily accessible and can identify 
early stress reaction. In case of a normal radio-
graph, it is advised to ask for an ultrasound to 
identify periosteal reaction and oedema since the 
bony stress reaction generally commences 
dorsally.
30.3.6.4  MRI
MRI is helpful especially in early cases in man-
aging football players at risk. It allows early rec-
ognition of bony oedema before a fracture 
becomes evident and allows measures to be 
taken to prevent development of a frank stress 
fracture.
30.3.6.5  Bone Scan
When radiographs are negative and the clinical 
suspicion remains, a bone scan can be helpful to 
show changes in early phase of injury. In case of 
a stress fracture, it can be positive in all three 
phases, in contrast to soft tissue injury where it 
hypercaptates only in the first phase.
30.3.7  Treatment
Most MT stress fractures can be treated by con-
servative treatment. A detailed three-phase reha-
bilitation programme (that takes into account the 
physiology of stress fracture repair) allows the 
player to progress with gradual activity modifica-
tion until symptoms subside [28].
Phase I (weeks 1–3): The emphasis of this 
phase is to remove stress, control pain and allow 
bone to commence healing with angiogenesis 
and periosteal and osteocyte maturation. Limited 
weight bearing with crutches is recommended. 
Patients can be provided with a hard-sole shoe, 
off-the-shelf walker boot or a short-leg walking 
cast. Ice massage may help improve swelling. 
Patients should be allowed to gradually increase 
weight bearing from partial to full weight bearing 
as tolerated. Lower extremity conditioning exer-
cises are also recommended at this stage. These 
include towel toe curl, ankle isometrics, etc. This 
phase is taken to be completed when normal 
activities become pain-free.
Phase II (lasts for 2–3 weeks after resolution 
of pain): The focus of this stage is general condi-
tioning and strengthening specific to the injured 
extremity. Ice compression is continued, pool 
training should progress from walking to jog-
ging, and wobble board exercise can also include 
weight bearing. The aim of this phase is to be 
able to fully weight bear without pain for at least 
30 min three times a week.
Phase III: Activities at this stage aim to allow 
gradual remodelling of the bone. This phase 
alternates with 2 weeks of gradually increasing 
stress followed by a week of rest. It is thought 
that alternating between stress and rest helps the 
osteocytes and periosteum to mature quicker at 
this stage. Patients are allowed for running and 
functional activities and progress to plyometrics 
[3, 28].
30.3.8  Surgery
Although surgery is mainly recommended in 
delayed union or non-union cases, surgery will 
be recommended for elite football players in 
selected cases to allow earlier return to play. 
Percutaneous, mini-open and open reduction and 
internal fixation techniques are available and 
used upon surgical preference. The combined use 
of a bone graft is generally recommended for 
management of delayed union and non-union and 
revision cases. Some reports promote immediate 
use of a bone graft in a primary case with good 
results and earlier return to play [3].
For the fifth MT Torg types II and III fractures 
and for stress fractures displaced more than 
2 mm, surgery is recommended [26, 29]. The use 
of augmented autologous bone graft with intra-
medullary screw fixation may give better results 
compared to fixation without. A partially threaded 
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cannulated screw is the gold standard although 
good results are reported with headless compres-
sion screws [30]. It is recommended to use the 
largest diameter cannulated screw that fits the 
width of the intramedullary canal with a mini-
mum diameter of 4 mm, and the screw should be 
at least 50 mm in length ( [31, 32], Fig. 30.6).
Proximally, the screw should avoid irritation 
to the cuboid or the fourth/fifth intermetatarsal 
joint. Due to the dorsal curvature of the proximal 
fifth MT, care must be taken that the screw tip 
aligns as closely as possible to the bone axis [31]. 
Postoperatively a non-weight-bearing cast or 
controlled ankle movement walker boot can be 
used to off-load the fifth MT in the initial recov-
ery phase [33].
30.3.9  Complications
Delayed union and non-union are a specific point 
of concern in MT stress fractures in conservative 
treatment as well as surgery. The use of adjuvant 
bone grafting at the time of surgical fixation in 
acute stress fractures is therefore recommended 
in the football player ( [30], Fig. 30.7). Early 
return to sports, increased body mass index and a 
protruding fifth MT [34] are known risk factors 
for recurrent fracture, and the role of podiatry is 
key to reduce this risk. The so-called plantar gap 
functions as a prognostic factor for time to union 
after surgical treatment of a fifth MT stress frac-
ture. This “plantar gap” is the distance between 
the fracture margins on the plantar lateral side of 
the fifth MT bone and is best viewed on an 
oblique radiograph of the foot.
30.4  Player Load and Shoe- 
Surface Interaction in Fifth 
MT Stress Fractures
Among the modifiable risk factors for sustaining 
a fifth MT stress fracture, management of player 
load is of vital importance. Attention must be 
paid to prodromal “warning” signs (such as pain 
at lateral forefoot) following training or matches 
and subsequent modification of load prescribed 
to avoid stress fracture [1]. Monitoring player 
load (increasingly by GPS/accelerometer sys-
tems) is therefore important to identify relative 
“spikes” in workload.
Examination of the loading that occurs 
between the player and the surface at the shoe- 
surface interface can shed light on how fifth MT 
stress fractures may develop. The fifth MT bone 
experiences compressive, torsional and tension 
forces from the ground reaction forces and mus-
cle/ligament/joint attachments. These forces 
incur bending moments on the bone during 
a b
c
Fig. 30.6 Anteroposterior and lateral plain radiograph 
view of an MT 5 stress fractures in a national team foot-
ball winger who was treated with a mini-open fixation 
technique using a 5 mm cannulated screw (a double stress 
fracture line, b, c 2.5 months postoperative)
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football- specific movements. Studying the mag-
nitude and timing of such forces will give insight 
to clinicians about the mechanical contributions 
to fifth MT stress fracture.
Certain football-specific movements have 
been studied using in-shoe pressure analysis, 
while the player performs a task on the field of 
play (Fig. 30.8a). Of the movements studied, 
plantar load is highest at the lateral forefoot dur-
ing acceleration into a curved run, cross cutting 
task [35] and when performing a set-piece “cor-
ner” kick (at the stance leg) [36] (Fig. 30.8b). 
Conversely, straight-line running at a moderate to 
fast pace increases loading at the medial forefoot 
as does cutting [37]. Gender differences are 
apparent in some football-specific movements 
with an increase in plantar loading at the lateral 
foot in males when compared to females [38].
Fifth MT stress fractures are more common in 
the non-dominant or stance leg [39]. Plantar 
loading data may help explain why that is the 
case. Significantly higher force, pressure and 
relative loads occur at the lateral forefoot while 
performing a full-effort set-piece kick when com-
pared to sprinting or cutting [36, 37]. Prodromal 
symptoms at the lateral foot should lead to a 
a b
Fig. 30.7 Anteroposterior plain radiograph view of an 
MT 5 stress fracture in an elite football player who suf-
fered from a non-union after fixation (a). He was treated 
with an iliac autologous bone graft interpositioning and 
tension band wire fixation and healed 3.5 months postop-
eratively (b)
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reduction of tasks such as accelerated curved 
runs, crosses, corner and penalty kicks during 
training to decrease load at the fifth MT. Plantar 
loading data suggests that straight-line running 
(using running or turf shoes) may be continued at 
this time of “load modification” for fitness levels, 
as the medial aspect of the foot is under greater 
demand (Fig. 30.8b, [36, 37]). Further studies are 
required to assess if loading intervention at the 
prodromal sign stage is effective in preventing 
progression to stress fracture.
30.4.1  Surface
Recent advances in the preparation and mainte-
nance of natural grass playing surfaces are chang-













Fig. 30.8 (a) In-shoe plantar loading on the field of play (Novel PedarX). (b) Plantar loading in common football 
movements
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pitches used in elite football allow for more con-
sistent mechanical properties for player-surface 
interaction (traction and shock absorption) and 
ball-surface interaction (ball bounce and roll) and 
are less affected by weather conditions. However, 
due to the sand-based construction and reinforce-
ment with artificial fibres, they may be harder than 
natural grass pitches of the past [40]. Surface hard-
ness affects penetration of the studs or cleats on 
the outsole of football shoes. To avoid areas of 
high pressure under the fifth metatarsal, it is rec-
ommended that shoes be selected that allow ade-
quate stud penetration for the given playing surface 
(Fig. 30.9).
30.4.2  Footwear
Greater impact forces, plantar pressure and load-
ing rates occur when running in football shoes 
compared to training or turf shoes for a given sur-
face [35, 41]. Turf shoes with forefoot cushioning 
and many multiple studs on the outsole are 
advised for players returning to training follow-
ing fifth MT stress fracture.
Subjective comfort and fit of the shoe are 
important parameters especially the width of the 
stud plate on the outsole, the material properties 
of the outsole and the stud placement or configu-
ration (Fig. 30.10).
In-shoe pressure analysis can be used to 
assess plantar pressures at the metatarsals for 
Fig. 30.9 Example of a hybrid playing surface. Sand- 
based root-zone with long artificial fibres (dark green) to 
reinforce the natural grass surface (Figure credit Mr. Mike 
Todd (Brisbane, Australia))
Fig. 30.10 The sole plate should be wide enough to accommodate the fifth MT and constructed from a material of 
adequate stiffness to prevent studs pushing through and causing high-localized pressure areas
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individual player shoe-surface combinations to 
avoid stud placement that may be detrimental. In 
the absence of such technology, use of subjective 
comfort ratings from the player after running a 
functional traction course on the playing surface 
is advised [42].
Much debate remains over the effect blade- 
style cleats have on plantar loading and subse-
quent fifth MT stress fracture. Medical staff and 
football managers have expressed fears over 
blade-style cleats with a higher incidence of fifth 
metatarsal stress fractures being among the chief 
concerns [43, 44]. However, the findings are con-
flicting and unclear when comparing plantar 
loading and different stud or cleat types. With the 
natural anatomic variation seen in football play-
ers’ feet, it is suggested footwear should be tai-
lored to the individual in respect to shape, fit and 
stud placement. Player wellness monitoring 
should be utilized post training and matches to 
pick up on any prodromal signs after using new 
footwear.
30.4.3  Insoles, Orthoses and Rigid 
Carbon Inserts
Generic off-the-shelf foot orthoses with medial 
arch support increase the plantar forces and pres-
sures at the fifth MT in basketball players [45]. It 
is unclear if these findings extend to football. 
Monitoring for prodromal symptoms at the fifth 
MT is recommended for any new orthotic or 
insole use to assess for changes in load.
Rigid carbon fibre inserts are ineffective at 
decreasing the plantar loading during side or 
cross-over cutting manoeuvres. Queen et al. [46] 
reported increased plantar loading at the lateral 
forefoot with carbon fibre inserts and as such 
advised caution with their use for rehabilitation 
following fifth MT stress fracture. It is possible 
that the rigid plates alter the bending moments at 
the fifth MT bone; however, this has not been 
measured to date. Raikin et al. [47] reported 0% 
refracture rate when using a rigid custom-made 
orthotic with lateral wedging that extends along 
the lateral forefoot in 20 patients post-surgery 
fixation for Jones fracture. It is recommended 
that any orthoses used in football shoes following 
fifth MT stress fracture be custom-made to the 
specific anatomical and biomechanical require-
ments of each player.
In summary, specific football shoe and insole 
combinations do alter plantar pressure at the fifth 
MT, and as such a tailored footwear/insole evalu-
ation in which subjective and dynamic biome-
chanical data are combined may lead to optimal 
shoe/insole combinations that are both surface 
and subject specific [48].
30.5  Other Stress Fractures
• Cuboid: Most of the cuboid stress fractures 
occur in the female football player (Fig. 30.11). 
A potential predisposing factor to this entity is 
the cavus foot alignment and the hypermobile 
foot. The role of podiatry and tailored orthot-
ics is key in treatment and prevention.
• Talus: A primarily undisplaced stress fracture 
of the talus is rare, but it is important for the 
clinician to be alerted on the possible second-
ary displacement (Fig. 30.12). Plain radio-
graphs have a typically low diagnostic 
accuracy, and a high index of suspicion is nec-
essary. Although treatment guidelines are not 
well defined, a 6 weeks NWB immobilization 
can be indicated. In case of secondary dis-
placement signs, early surgical intervention is 
recommended to avoid the risk of increased 
morbidity (Hawkins sign) and delayed return 
to play [49].
Fact Box 5
Monitor for prodromal or “warning” signs 
at the fifth metatarsal following changes in 
training load, footwear, orthotic insoles or 
playing surface. Load modification is 
essential at this stage as certain football 
movements cause very high plantar loading 
at the lateral forefoot (Fig. 30.8b). The aim 
is to prevent progression to stress fracture.
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• Calcaneal: These stress fractures are infrequent 
and occur mainly preseason and during long-
distance running in training. They present with 
pain, and 2–3 weeks after the onset of symp-
toms, a sclerotic or radiolucent line often appears 
on the radiograph. MRI is the best tool to iden-
tify early oedema and visualize the fracture line. 
The differential diagnosis includes plantar fasci-
itis, Achilles tendinopathy, Baxter nerve entrap-
ment and retrocalcaneal bursitis. Calcaneal 
stress fractures can be managed with activity 
modification alone (no cast or surgery required).
• Sesamoid: Typically, the medial sesamoid is 
affected by stress fractures. Plain radio-
graphs can be difficult to interpret, and the 
use of a CT scan is advised in case of clini-
cal suspicion. Normally, conservative man-
agement with rest, boot, orthotics, injection 
and progressive loading is standard. In the 
salvage case where surgery is required, a 
partial sesamoidectomy is the treatment of 
choice. Prediction towards return to play is 
difficult to predict, and the player must be 
informed [1].
30.6  General Principles 
in the Treatment of Foot 
Stress Fractures That Are 
Commonly Extrapolated 
to Football
A football-induced stress fracture occurs when 
the mechanical forces during training or game-
play outweigh the biological abilities of the bone. 
Since the foot is key for performance in football, 
it is therefore essential to ensure that the forces 
are minimized and the biology is optimized.
Fig. 30.11 Sagittal T1 MRI view of a cuboid stress frac-
ture in a national league female football player
Fig. 30.12 Sagittal T1 MRI view of a talar body stress 
fracture in a 16-year-old youth national team football 
player
Fact Box 6
The major pitfalls in the diagnosis and 
management of stress fractures are:
 1. Inadequate clinical workup: failure to 
identify the prodromal symptoms of 
stress fractures and failure to localize 
the site of bony tenderness upon 
palpation
 2. Reliance on plain radiographs alone for 
the diagnosis of foot stress fractures
 3. Failure to identify the “high-risk” stress 
fractures from the “low-risk” stress 
fractures (Table 30.3)
 4. Failure to identify and rectify the extrin-
sic risk factors which may predispose to 
stress fractures (Table 30.1)
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30.6.1  Biomechanical Therapy 
for Stress Fractures
The major components in the treatment of any 
stress fracture are “rest” and “activity modifica-
tion”. Especially during in-season in football, a 
team approach (medical staff, coach, agent, direc-
tor) is key in the management of setting up treat-
ment goals and return to play criteria. Although 
this sometimes means to temporarily unload and 
immobilize a player, cycling, rowing, swimming 
and even specific running (to maintain cardiovas-
cular fitness and lower limb strength) can be con-
tinued. The focus should be on altering the nature 
of the training, individualizing the programme 
and type of surface and shoe. Hydrotherapy and 
antigravity treadmill are  useful in this stage to 
keep the player’s fitness while allowing the stress 
fracture to heal. Careful evaluation of malalign-
ment, muscular imbalance and abnormal loading 
patterns needs to be assessed and corrected 
meanwhile.
30.6.2  Biological Therapy 
in the Management of Stress 
Fractures
Several adjuvant treatment strategies, such as 
bone morphogenetic protein (BMP), shock wave 
therapy (ESWT), low-intensity pulsed ultrasound 
therapy (LIPUS), teriparatide, electromagnetic 
stimulation and hyperbaric oxygen, have been 
recommended in the literature to enhance stress 
fracture healing. Controversy remains due to the 
heterogeneity of patient populations, the interven-
tions offered as well as the different outcome 
measures considered. In addition, most of the 
published reports are case series instead of con-
trolled trials.
30.6.3  Shock Wave Therapy (ESWT)
ESWT can have a role in the upregulation of 
local angiogenesis and concentration of growth 
factors. Although quality research is lacking, 
ESWT has shown improved healing potential and 
earlier return to play in chronic and non-union 
cases [50, 51].
30.6.4  Low-Intensity Pulsed 
Ultrasound Therapy (LIPUS)
LIPUS has been introduced in the world of foot-
ball as a promising alternative to treat non-union 
or delayed union. A recent systematic review 
however concluded that LIPUS does not reduce 
the time to return to activity for conservatively 
treated stress fractures [52].
30.6.5  Electrical Stimulation (ES)
There is laboratory evidence that endochondral 
bone formation and growth factor expression 
may be appropriately stimulated by the applica-
tion of an electromagnetic field. Electrical stimu-
lation (ES) therapy can be provided via several 
modes: direct current, capacitive coupling, induc-
tive coupling and pulsed electromagnetic field. 
Although in football the pressure can be high to 
try out these “new tools”, there is little evidence 
for the use of ES in the management of stress 
fractures [53].
30.6.6  Bone Morphogenetic Protein
BMPs belong to “transforming growth factor b 
superfamily proteins” and act as osteoinductive 
agents to enhance fracture healing. Several 
BMPs have been isolated like BMP2 and BMP7 
that are subjected to clinical trials. In stress frac-
tures, there is no evidence to support the use of 
BMP’s [53].
30.6.7  Teriparatide
Teriparatide is a bone anabolic agent (recombi-
nant human parathyroid hormone analogue) used 
in the treatment of osteoporosis by stimulating 
osteoblasts. A recent RCT showed that it can 
shorten the time to fracture healing compared to 
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placebo but no credible data in stress fractures is 
available yet [3, 54].
Take-Home Message
• Stress fractures are common in athletes and 
have specific characteristics in football.
• A high index of suspicion is appropriate, and 
early investigation may prevent progression to 
frank fractures and delayed return to play in 
football.
• Both navicular and fifth metatarsal (MT) 
stress fractures are considered high-risk 
 fractures where early surgery may be indi-
cated in the early phase.
• There is limited evidence at present for bio-
logical treatment of stress fractures, but bio-
logical agents may be useful adjuncts.
• Identification and alleviation of risk factors 
are essential parts of management of stress 
fractures.
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31.1.1  Epidemiology and Clinical 
Presentation
In brief, “stress fractures” occur when a normal (or 
pathologic) bone is incapable of recovery from 
repeated strains that occur during physical activity 
[1]. Typically, such fractures have been linked to 
specific groups like military personnel or athletes 
from running and jumping sports, but in fact they 
can occur in anybody from general population [2].
The relationship between these fractures and 
military has historical origins. The first descrip-
tion of such injuries comes from the nineteenth 
century and was described as the “swollen feet 
syndrome” found after long marches in Prussian 
soldiers. Such swelling was demonstrated to be 
due to metatarsal stress fractures [3].
The incidence among military recruits varies 
from 5% to 30% per year, and it has been shown 
to be significantly higher among women [2, 4, 5].
Among athletes (nonmilitary), the incidence 
ranges from 1.1% to 31% per year and is highest 
among long-distance runners [2, 6–8]. Such frac-
tures represent 10–20% of sports injuries due to 
overtraining [9–11]. They can affect any bone; 
however, it has been recognized that 90% of these 
are lower extremity stress fractures (Fact Box 1) 
[12]. The most affected bone in footballers is the 
fifth metatarsal, and the second most affected is 
the tibia [10, 13–15].
Regardless of competitive level, football is 
one of the most frequent sports worldwide [16]. 
Thus, football-related injuries have a high socio-
economic impact [17, 18]. Moreover, concerning 
high-level athletes, injuries lead to absence from 
competition (with all related consequences), 
costs related to treatment, and potential endan-
germent of an athlete’s career [17].
Despite the former, there remains limited data 
and research in this topic related to footballers [1, 
19–24]. In a recent study on elite male football 
players, stress fractures accounted for 0.5% of all 
injuries, and the incidence was 0.04/1000 h [19]. 
Thus, one might conclude that a team with 25–28 
players could expect a stress fracture every third 
season [19]. Another study reinforces the influ-
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ence of gender as risk factor, finding a 13.6% 
incidence of stress fractures among female foot-
ball players [22].
31.1.1.1  Clinical Presentation
The early diagnosis of a stress fracture relies on a 
careful clinical history and physical examination. 
The team physician must be aware of prodromal 
symptoms before the onset of more serious inju-
ries. Typically, patients with stress fractures present 
with insidious onset of localized pain. The athlete’s 
complaints often correlate with, or are aggravated 
by, physical activity and are relieved by rest, reap-
pearing after repeated effort. The absence of rest 
pain helps on differential diagnosis of stress frac-
tures with a variety of conditions, including inflam-
matory processes, acute fractures, and tumors.
Many times, there is a history of change/
increase in vigor of training/physical activity, 
change in pattern or effort, change in footwear, or 
a different training field (e.g., harder surfaces) [1, 
25]. Athletes with stress fractures might experi-
ence pain on palpation or strain on the involved 
bone—the athlete typically recognizes the pain 
he/she feels after the activity when the examiner 
presses over [26]. Swelling, redness, or warmth 
may or may not be present.
31.1.2  Mechanism of Injury, Risk 
Factors, High- Versus Low- 
Risk Injuries
The skeleton is subjected to several types of 
forces during motion and activity. The human 
bone follows Wolff’s law, which describes the 
way this tissue will adapt to mechanical stress 
[27]. As the force acting on bone rises, it will 
deform accordingly, given the inherent elasticity 
of the tissue. If loading on a particular bone 
increases, the bone will remodel itself over time 
in order to become stronger and to be capable to 
resist that kind of stress. The internal architecture 
of the tissue suffers adaptive modifications (e.g., 
temporary elastic deformation), followed by sec-
ondary changes to the external cortical portion of 
the bone, which can become thicker as a result. 
The inverse is also true: if the loading on a bone 
decreases, the bone will become less dense and 
weaker due to the lack of the stimulus required 
for continued remodeling. Thus, balance is 
required to promote a healthy bone [28].
When the bone is exposed to forces within its 
capacity to support them, it undergoes elastic 
deformation, recovering its histological configu-
ration as soon as the load discontinues. However, 
when these strains exceed bone’s resistance, the 
elastic deformation is superseded by plastic 
deformation: there is no return to the previous 
situation, and, in case the repetitive forces remain, 
microfractures can occur. In such cases, bone 
reabsorption will occur.
Once this balance is disrupted (e.g., consecu-
tive microtrauma without permitting the bone to 
recover completely from the initial stress) and 
microtrauma accumulates, a “stress fracture” can 
occur [28].
According to the described mechanism, stress 
fractures occur in three phases: microfracture, 
propagation of the microfracture, and complete 
fracture [28, 29]. Such fractures typically occur 
in places submitted to high tension [25, 27, 29, 
30]. This is different from the mechanism 
involved on a normal acute fracture. In this case, 
a single load exceeds the bony resistance and 
crates a failure of the tissue. Opposing, stress 
fractures typically derive from repeated micro-
tauma. In these cases, not only the strain intensity 
but also its frequency and duration, among other 
physical conditions, are determinant [31–33].
There are still a number of questions to be 
answered concerning the precise conditions, 
which might lead to these injuries, thus enabling 
improved prevention strategies and early 
Fact Box 1
Distribution of lower extremity stress fractures 
in male footballers [19]
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 diagnosis. However, several risk factors (intrinsic 
and extrinsic) have been identified, for example, 
gender and a predilection for young people and 
athletes [34]. Fact Box 2 summarizes the risk fac-
tors which gather higher level of scientific 
 support [1].
31.1.2.1  Risk Factors
Several intrinsic and extrinsic risk factors have 
been proposed [1]. Extrinsic factors include 
change in training program, sports on hard sur-
faces, and type of sports (e.g., long-distance run-
ners) [35–37]. The influence of shoewear has 
been proposed but remains somewhat controver-
sial with some discrepancies in literature [1]. In a 
recent study, it was proposed that a sports shoe 
with more than 6 months of regular use and train-
ing in hard surfaces increases the risk of stress 
injuries by diminishing the capacity to dissipate 
energy when the foot strikes the pitch [38]. 
Caffeine, alcohol, and tobacco can also increase 
the risk for bone stress injury [39].
Intrinsic factors that have been proposed 
include gender (female with higher risk), age 
(higher in young ages), physical condition, ana-
tomic features, and history of previous stress 
fractures [34, 40–42]. Most studies suggest that 
females have higher risk of stress fractures, in 
part related to the “female athlete triad” [43]. In 
addition, differences among genders also include 
lower cross-sectional bone area and neuromuscu-
lar response [44, 45].
Other intrinsic factors include leg-length dis-
crepancy, history of previous surgeries or trauma, 
hyperlaxity, instability, and muscle weakness [10, 
46, 47]. Muscle weakness has been considered an 
important risk factor once muscles help to dissi-
pate the energy thus lowering strain transmitted to 
bone during running or jumping [48]. This theory 
has been described as the “neuromuscular hypoth-
esis” [28, 37]. Training overload with short recov-
ery times might lead to overtraining [49]. This 
condition increases risk of bone stress injury and 
leads to paradoxical lowering of performance [50].
Finally, some stress fractures have been linked 
to specific anatomic features. For example, tibial 
stress fractures have been linked to anatomic 
conditions such as cavus foot, smaller tibial bone, 
and foot overpronation [51, 52].
31.1.2.2  High-Risk and Low-Risk 
Stress Fractures
High-risk injuries occur on the side of maximal 
tension (e.g., tension-sided femoral neck frac-
tures, anterior tibial diaphyseal fractures, tension- 
sided patellar fractures) and hypovascular zones 
[53, 54]. High-risk lesions have higher probabil-
ity for longer recovery; are more prone to pro-
gression to complete fracture, delayed union, and 
chronic pain [53, 54]; and more often require sur-
gical treatment [1].
31.2  Imaging of Lower Extremity 
Stress Fractures
31.2.1  Radiographies
Given the low cost and availability, plain radio-
graphs are usually the first imaging exam to be 
performed. Plain radiographs provide important 
anatomic information and can identify cortical 
thickening, impingement lesions, and displaced 
fractures. However, they have very low sensitivity 
Fact Box 2 (Based on [1])




Diminished physical activity Changes in 
training 
program
Low “body mass index” and 




In men, the incidence lowers 
above the age of 17
In women, the incidence 
increases after the menarche
Long-distance 
runners
Diminished muscle strength Alcohol
Anatomical factors: e.g., 
leg-length discrepancy, low 
cross-sectional area
Smoking
Eating disorders Low vitamin D 
levels
Menstrual dysfunction
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for stress fractures, particularly in the first 
3–4 weeks, particularly in the presence of osteope-
nia [25, 55, 56]. Stress fractures can sometimes be 
seen as a subtle linear sclerosis, focal endosteal or 
periosteal reaction, or a fracture overlapped and 
hidden by a periosteal reaction [25]. So, a negative 
X-ray cannot exclude a stress fracture. Sometimes 
the X-ray will be positive later in the course (typi-
cally weeks to months) showing bone callus and 
remodeling in the later phase of this condition 
(possibly much latter than the full clinical recov-
ery) [57]. If there is the clinical suspicion and a 
negative X-ray, another imaging exam should be 
obtained (e.g., MRI, bone scan, or CT) [58].
31.2.2  Bone Scan
Three-phase bone scintigraphy used to be the gold 
standard given its high sensitivity in detecting the 
early phases of stress fractures (detects the 
increased metabolic activity around the injury site) 
[59]. However, bone scintigraphy is accompanied 
by a high level of inherent radiation and very low 
specificity with up to 40% of false positives [60]. 
It cannot distinguish from inflammatory processes, 
infection, or tumor diseases [58]. Moreover, it can 
show increased uptake in the injury site up to 
2 years after an injury is clinically resolved [60].
31.2.3  CT Scan
Computed tomography (CT) scans can be highly 
valuable for assessment of bone stress injuries, 
despite exposing patients to radiation. In the 
scope of stress fractures, CT scans remain useful 
in sacral fractures and spondylolysis and in dif-
ferentiating tumors, infection, or bone stress 
reaction from stress fractures [58].
31.2.4  MRI
MRI is currently the most used imaging exam 
given its high sensitivity and specificity (ranging 
from 85% to 100%) [9, 61, 62]. Under the clinical 
suspicion of bone stress injury, negative plain 
radiography, and pain without defined etiology, 
MRI is the first-line exam [63]. It is possible to 
identify fracture lines hypointense in T1 and T2 
sequences, usually combined with bone marrow 
edema, and hyperintensity in surrounding soft tis-
sue on SatFat or STIR sequences [33]. The pres-
ence of bone edema is not specific but is highly 
sensitive for stress reaction [33]. MRI assessment 
besides confirming the diagnosis is usually help-
ful in determining the severity of the condition. In 
this way, it also helps in the decision for choice of 
treatment and can be useful in deciding the timing 
to return to play (by assessing the severity of the 
lesion). One of the most used classifications for 
tibial stress fractures characteristics in MRI has 
been described by Fredericson and others [33, 
64–68]. Table 31.1 represents the Fredericson 
classification as one example of how MRI can be 
used to assess the most common type of stress 
fracture herein described (tibial). Table 31.2 sum-
marizes another classification method based on 
MRI and used as guideline for treatment [64].
Table 31.1 MRI Fredericson classification for tibial stress fractures
Grade Periosteal edema Marrow STIR SI Marrow T1 SI Intracortical sign
0 No Normal Normal Normal
1 Yes Normal Normal Normal
2 Yes High Normal Normal
3 Yes High Low Normal
4° Yes High Low Focal abnormality
4b Yes High Low Linear fracture
STIR short-TI inversion recovery; SI signal intensity [65]
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31.3  Pelvic Stress Fractures
Pelvic stress fractures can occur in a wide spec-
trum of structures, such as the pubic rami 
(Fig. 31.1), the sacrum (Fig. 31.2), and the 
apophyses (e.g., anterior superior iliac spine or 
the ischial tuberosity). Stress fractures around the 
pelvis represent the third most common type of 
stress fractures encountered in football [19]. 
Stress fractures of the pubic rami are rare and 
usually occur in the medial portion or at the junc-
tion between the inferior pubic ramus and the 
symphysis pubis [69].
The occurrence of sacral stress fractures 
(Fig. 31.2) is probably underreported, given the 
general lack of awareness of this condition and 
the nonspecificity of symptoms. Stress fractures 
of the sacrum have been described primarily in 
long-distance runners, especially females and 
military [70–72]. They are described as fatigue 
a b c
Fig. 31.1 Inferior pubic ramus stress fracture (white arrows) on MRI (a) and CT views (b, c)
a b
Fig. 31.2 MRI views of sacral stress fracture (white arrows) on STIR (a) and T1 (b)
Table 31.2 Stages/grades of Arendt and 
Griffiths [64] for stress fracture, based on 
magnetic resonance imaging (MRI)  findings 
and correlation with period of rest required
Classification of Arendt and Griffiths
Grade of 
injury MRI findings
Required period of 
rest (weeks)
I STIR-positive 3
II STIR and T2-weighted 
positive images
3–6
III T1- and T2-positive without 
definition of cortical rupture
12–16
IV T1- and T2-positive with 
definition of cortical rupture 
and visible fracture line
>16
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and insufficiency fractures. The diagnosis is often 
delayed or inaccurate due to limited overall 
awareness of this condition and the lack of spe-
cific symptoms [71].
The clinical presentation of athletes with pel-
vic stress fractures consists of insidious onset of 
pain in the hip or lower back. Despite its low sen-
sitivity, radiographs can identify pubic ramus 
stress fractures, which might be visible as non- 
displaced fracture lines. However, it can be diffi-
cult to identify sacral stress fractures on plain 
radiography, which is particularly difficult given 
the overlying bowel gas. CT scan or MRI is nec-
essary for accurate diagnosis. Treatment consists 
of a period of rest and medication. It has been 
stated that most fractures heal well within 
6–10 weeks [51, 73].
31.4  Femoral Stress Fractures
Femoral stress fractures (Fig. 31.3) represent 
4.2–48% of all stress fractures in athletes [1, 51, 
73]. Femoral stress fractures are less common 
than pelvic stress fractures and are more common 
among female runners [74]. Femoral stress frac-
tures (Fig. 31.3) can occur in the femoral neck or 
the femoral shaft [74].
Plain radiographies often fail to detect femur 
stress fractures. A high index of suspicion is 
required in order to achieve early diagnosis in an 
initial phase of this condition and avoid more 
severe consequences, such as displacement of a 
fracture. MRI is an important imaging tool since 
it enables detection of bone edema and hypoin-
tense lines representing fractures on early stages 
(Fig. 31.3) [74]. Kiuru et al. have described a 
helpful system for MRI grading of pelvic bones 
and proximal femur [75].
31.4.1  Femur Neck Stress Fractures
Considering the same biomechanical principles, 
the superolateral section of the femoral neck cor-
responds to its tensile site opposing to the 
 inferomedial part (compression). The morphol-
ogy of the proximal femur probably plays a role 
in the susceptibility of the patient to develop a 
stress fracture. Coxa vara predisposes to femoral 
neck stress fracture [76]. Coxa vara substantially 
modifies the biomechanical conditions of the 
femoral neck, increasing the effect of direct mus-
cle pull and leading to fatigue of opposing mus-
cle groups favoring stress fractures [76]. Femoral 
neck stress fractures have been linked to female 
a b
Fig. 31.3 MRI views of femoral neck stress fracture (red arrow) (a) and stress reaction (blue arrow) of the distal femur 
of an immature footballer (b)
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athlete triad and might occur in either tension or 
compression sites [7, 77].
The tension-sided femoral neck fractures are 
higher-risk injuries with a worse prognosis (i.e., 
higher risk for displacement) [74]. The presence 
of displacement increases the risk of a worse 
clinical outcome (higher morbidity and lower 
functional results) and increases the risk of com-
plications (osteonecrosis, refracture, or pseudar-
throsis) [77]. Considering the potential 
consequences of complete fracture, tension-sided 
femoral neck fractures are surgically treated even 
in early stages (most often by osteosynthesis with 
three screws) [1]. Considering the biomechanical 
risk factors in the femoral neck, fractures in the 
compression side might be managed conserva-
tively, but refractory cases typically require sur-
gical repair.
31.4.2  Femoral Shaft Stress Fractures
Considering human anatomy, the femoral diaph-
ysis has slight anterolateral bowing. Bearing this 
in mind, the anterolateral surface corresponds to 
the tension site, while the posteromedial surface 
corresponds to the compression site. In this case, 
most stress fractures occur as a consequence of 
repetitive microtrauma on the compression side, 
at the junction of its proximal and middle thirds. 
The pathophysiological explanation is that this is 
the area of origin of the vastus medialis muscle 
and the insertion of the adductor brevis muscle, 
both of which may be implicated in repeated 
stresses [78, 79].
Most athletes with femoral shaft stress 
fractures are managed nonoperatively with 
good results [80, 81]. This option requires a 
variable period of rest with return to full 
sports activity between 12 and 18 weeks [74, 
82]. One of the most frequently cited proto-
cols for nonoperative management has been 
proposed by Arendt and Griffiths (Table 31.2), 
in which treatment is adapted according to the 
MRI grading of the injury [64, 81, 83]. 
Nonoperative treatment must consider the 
possible complication of displacement dictat-
ing the need for surgery.
Currently, when surgical treatment is required, 
the first option is intramedullary nail fixation 
[83]. There is no study assessing return to sports 
after surgical treatment of femoral stress fracture. 
On a cohort of military recruits, a mean of 
3.5 months was required for bone union [84].
31.5  Tibia, Fibula, and Patella 
Stress Fractures
31.5.1  Shin Splint and Tibia Stress 
Fracture
The tibia is the second most frequent site for 
stress fractures among football players (Fig. 31.4) 
[19]. Stress fractures may occur at any location of 
the tibia. However, the tibial diaphysis is most 
commonly affected [1]. Tibial diaphyseal stress 
fractures may be divided in anterolateral (tension 
sided) and posteromedial (compression sided). 
Stress-sided anterior or anterolateral diaphyseal 
tibial stress fractures are considered high-risk 
fractures [85]. From an anatomical and biome-
chanical perspective, the tibia is a component of 
both the knee and the ankle joints. Therefore, 
changes in the knee or ankle joint biomechanics 
play a key role in loading of the tibia during 
activity. The tibia is bowed anterolaterally due to 
the powerful tensile stress of the gastrocnemius- 
soleus complex. In addition, the anterior surface 
of the tibia is poorly vascularized, increasing the 
risk for stress fracture [85].
Stress fractures of the tibia must be distin-
guished from medial tibial stress syndrome 
(MTSS), also known as “shin splints.” “Shin 
splints” refers to periostitis of the posteromedial 
tibia that occurs due to the pulling stress of the 
gastrocnemius-soleus complex [86–88]. It has 
been proposed that “shin splints” might be an 
early stage of tibia stress fracture and that both 
entities are the same in different stages. However, 
there is no consensus on this statement, and both 
continue to be considered with their clinical and 
imaging differences [1].
The most important symptom of tibial stress 
fracture is pain. For both entities, pain develops 
insidiously and is aggravated by activity and 
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relieved by rest [25]. For tibial stress fracture, 
pain is located at the site of the stress fracture, 
and clinical examination reveals focal tenderness 
localized to the site of injury. Conversely, “shin 
splint” patients present with diffuse pain and ten-
derness along the posteromedial surface of the 
tibia [1]. One must emphasize that changes in 
training schedule or program as well as return to 
sports by people with physical deconditioning 
predispose to the onset of complaints.
A thorough search is required to identify any 
risk factors. Pes planus and cavus, tarsal coali-
tion, muscle imbalance, or joint stiffness may 
alter the biomechanics of the ankle and predis-
pose to “shin splint” and stress fractures [86–88]. 
Edema and palpable periosteal thickening are 
often observed in patients with tibial stress frac-
tures while being usually absent from patients 
with “shin splint” [87]. The vibrating tuning fork 
test has been nearly abandoned since it is not reli-
able [89]. The single-leg hop test has also been 
commonly used in the evaluation of all lower 
extremity stress fractures; however, its sensitivity 
and specificity are very low [26]. It is critical to 
distinguish low-risk from high-risk fractures 
given their implication on the choice of treatment 
(surgical versus conservative) but also for prog-
nosis and possible complications.
Stress-sided anterior or anterolateral diaphy-
seal tibial stress fractures are considered as high- 
risk fractures [85, 90]. These have higher risk for 
prolonged recovery, complete fracture, delayed 
union, nonunion, or chronic pain [53, 54].
However, most tibial stress fractures are pos-
teromedial (compression sided), thus  representing 
low-risk lesions that can be successfully treated 
nonoperatively [8]. Nonoperative management 
requires discontinuation of sports activities and 
avoidance of any activity that may load the tibia 
significantly until the patient can walk without 
pain. Non-weight bearing and rarely immobiliza-
tion in a cast or brace may be needed if the athlete 
shows no improvement after 3–4 weeks [81]. Most 
rehabilitation protocols are divided into two stages 
[91–93]. The first stage is focused on rest and pain 







Fig. 31.4 Fredericson grade I lesion—Axial (a) and 
lateral (b) MRI views of the tibia with visible periosteal 
edema (white arrows), without bone marrow or cortical 
changes. Fredericson grade 2 lesion—without signal 
changes in T1 (two white arrows) (c) but bone marrow 
edema in STIR (three white arrows) without cortical 
changes (d). Fredericson grade 4b lesion—Axial (e) and 
sagittal views (f) with periosteal, bone marrow, and corti-
cal changes (white arrows) including linear fracture which 
is also visible in CT image (white arrows) (g)
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deep water running and/or antigravity treadmill in 
order to keep cardiovascular conditioning while 
treating the bone in a protected environment. 
Some data suggest that this approach might lead to 
an earlier return to play [91–93].
The second stage is focused on the return to 
previous activity and competition [9]. The sec-
ond stage includes correction of risk factors, 
muscle conditioning, and balance and proprio-
ception training [46].
Resistance training incorporating repetitions 
with no loading or lower magnitude loading is 
used to improve muscle performance and bone 
recovery [46, 94]. The American College of Sports 
Medicine usually recommends resistance training 
2–3 times per week [95]. There is general consen-
sus that athletes should only return to sports after a 
minimum of 2 weeks free of symptoms [31]. On 
the other hand, the need for imaging control prior 
to return to play does not have consensus [96, 97]. 
For anterior tibial stress fractures, non-weight 
bearing for a period of 4–8 weeks is recommended, 
while for posteromedial fractures, a period up to 
3 weeks is required [46, 96].
Using Fredericson’s scale, it has been pro-
posed that Grade 1 lesions might require 
2–3 weeks before return to play, Grade 2 to Grade 
4a injuries will take 6–7 weeks, and Grade 4b 
injuries will require a minimum of 9–10 weeks 
prior to return to sports [62, 98]. Low-risk frac-
tures not responding to nonoperative treatment 
might require surgical treatment.
High-risk anterior fractures often require sur-
gical treatment [99]. Intramedullary nailing is the 
preferred surgical method and is associated with 
high union rates, low rates of complications, and 
high return to sport [51, 96, 100, 101]. 
Approximately 10–12 weeks are required to 
return to sports activity after surgical treatment of 
tibial stress fractures [51, 96, 100, 101].
31.5.2  Fibula Stress Fractures
Fibula stress fractures are quite rare and can 
therefore be overlooked by the team physician 
(Fig. 31.5). From a biomechanical perspective, 
the load transmission to the fibula, with the ankle 
in neutral rotation, is only 6–7% of body weight 
[102]. The proportion of fibular stress fractures 
among runners on a recent systematic review was 
reported as 7–12% of all stress fractures [38]. 
However, in female and male long-distance run-
ners, this proportion may be as high as 33% and 
20% of stress fractures, respectively [103].
Most fibular stress fractures represent a simple 
injury that can be successfully treated with rest and 
activity modification in 6–12 weeks [104]. Stress 
fractures of the fibula are most common in its distal 
third and cause pain in the lateral distal third of the 
lower leg [38, 105]. Differential diagnosis of condi-
tions that may cause pain in this location include 
fibularis muscle strain or tendinopathy particularly 
fibularis brevis and lateral ankle ligament sprain 
[105]. MRI or bone scan is usually required for 
diagnosis on an early stage. On rare occasions, dys-
function of the ankle syndesmosis may contribute to 
the development of a distal fibular stress fracture. 
This fact should be considered in the global assess-
ment of pain along the fibula [104].
Proximal fibula stress fractures are very rare. 
The mechanism might be repetitive pressure of 
the proximal fibula, a consequence of repeated 
jumping with both knees completely flexed in a 
squatting position, causing a repeated strong pull 
of the muscles attached to the fibula (e.g., soleus, 
peroneus longus, tibialis posterior, and flexor 
hallucis longus) [104]. In long-distance runners, 
biceps femoris contraction forces have been 
implicated [38]. Among football players, its 
description has been associated with running and 
jumping [106]. Cessation of activity results in 
complete healing and strengthening, and flexibil-
ity exercises of ankle dorsiflexors, ankle plantar 
flexors, peroneals, and hamstrings are helpful in 
recovery and avoid recurrence [104].
31.5.3  Patella Stress Fractures
Although patella stress fractures have been 
increasingly recognized, the patella remains a 
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rare site for stress fractures [107]. The pub-
lished data are comprised of individual case 
reports and small case series. The patella is a 
sesamoid bone lying within the extensor mech-
anism of the patellar tendon, linking the quad-
riceps to the tibia and functions under a quite 
demanding biomechanical environment of the 
patellofemoral joint. The force knee vector act-
ing in it reaches more than three times the body 
weight going up and down the stairs and up to 
eight times the body weight during deep knee 
flexion [108].
In order to identify and differentiate a patella 
stress fracture from the numerous causes of 
a b
c d
Fig. 31.5 Bone scan showing increased activity in the 
painful fibula site (red arrow) on the early stage of the 
condition (a); MRI view confirming periosteal edema, 
cortical and bone marrow changes (red arrow) (b); X-ray 
after 3 months confirming fracture healing and callus for-
mation (yellow arrow) (c) which is also visible on CT (d) 
with exuberant bone callus (yellow arrow)
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 anterior knee pain, a high index of suspicion is 
 necessary. The anterior (tension side) stress frac-
ture of the patella is considered a high-risk lesion 
and might require surgical treatment, while 
 compression side fractures will respond better to 
rest and nonoperative treatment [1].
Patients will present with an atypical history 
of anterior knee pain. Often, there will have 
been a recent change inactivity levels or a 
change in training program or training load, 
applying higher stresses or shorter periods of 
rest between exercises. Most cases describe a 
sudden onset of pain during activity, often asso-
ciated with a pop or crack, but this is typically 
preceded by weeks or months of anterior knee 
pain. Transverse fractures are more frequent 
considering the axial loading applied, although 
longitudinal fractures may also occur. The most 
common injury site is at the junction of the 
middle and distal thirds of the patella where 
distal quadriceps and proximal patellar tendon 
fibers merge and insert.
Plain radiographs may demonstrate an obvi-
ous fracture, either non-displaced or displaced, 
although the features of chronic stress, such as 
sclerotic fracture margins (Fig. 31.6) or cystic 
changes, may be noticed. Bone scan and MRI 
will help to detect the early stages of this condi-
tion, and CT scan can help better define it once 
identified.
Concerning treatment, most often when there 
is a positive bone scan but X-rays are normal, 
patients can be managed conservatively by a 
period of rest. If X-rays show a non-displaced 
fracture, it is possible to choose conservative 
treatment by immobilization in extension (cast 
or brace) 4–6 weeks with partial weight bearing 
followed by passive range of motion exercises, 
quadriceps strengthening, and progressive 
return to activity within a period of 3 months. If 
a displaced fracture is present, surgical treat-
ment is required by tension band wiring or com-
pression screws. It is important, if sclerotic 
fracture margins are present, to debride and 
curettage these margins to create healthy, vascu-
larized surfaces for bone healing. The postop-
erative protocol will depend on the achieved 
fixation and bone quality.
31.6  Recent Therapeutic Options
With recent therapeutic biotechnical advances, sev-
eral new modalities (both biological and physical 
agents based) are being developed in order to acceler-
ate the healing process and return to play. These are 
used in combination with general fracture manage-
ment principles but aim to achieve the maximal ben-
efits of biological and physical stimulation methods 
[109]. However, many of these options remain exper-
imental and lack evidence-based support.
Fig. 31.6 Radiography of lateral view of late stage 
patella stress fracture (yellow arrow). Notice the sclerotic 
border of fracture line confirming the slowly developing 
process
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31.6.1  Hyperbaric Oxygen Therapy 
(HBOT)
This method consists of intermittently adminis-
tering 100% oxygen at pressures greater than one 
atmosphere absolute (ATA) in a pressure vessel. 
It has been attempted as therapy for several con-
ditions. However, despite some basic-science 
support as an effective way to stimulate the osteo-
blasts [110], there is still no clinical evidence on 
its effectiveness in promoting bone healing [111]. 
Its use remains controversial and somewhat 
experimental.
31.6.2  Bisphosphonates
Bisphosphonates suppress bone reabsorption 
by osteoclasts. By this mechanism, bisphos-
phonates might prevent bone loss during the 
initial remodeling phase following high bone 
stresses and facilitate bone recovery. A small 
series in collegiate athletes suggested a posi-
tive effect of intravenous pamidronate [112]. 
There is no further evidence of its benefit. 
Considering the costs and potential adverse 
effects of bisphosphonates, its use cannot be 
widely indicated for the treatment of stress 
fractures in athletes, and prudency is advised 
[113, 114]. Moreover, their prophylactic effect 
has also not been demonstrated for bone stress 
injuries [113, 114].
31.6.3  Growth Factors
The use of growth factors and preparations rich 
in growth factors (PRGF) has become increas-
ingly popular, particularly in the sports popula-
tion [115, 116]. These include the growth factors 
that are produced by platelets in a number of 
forms of application. Besides remaining contro-
versial in different tissues, with contradictory 
results found in literature, there is even less evi-
dence concerning its use in stress fractures given 
the paucity of studies. It has been stated that 
autologous preparations rich in growth factors 
might enhance the healing of hypertrophic non-
unions when applied during internal fixation sur-
gery and also enhance healing by injection 
application on stable nonunions [117]. However, 
more definitive knowledge is required before 
supporting its widespread use to treat these 
conditions.
31.6.4  Bone Morphogenetic Proteins 
(BMPs)
These proteins belong to a family of growth 
factors (TGF-beta superfamily) that are known 
to have osteoinductive properties and have 
been used to promote bone healing [118]. 
These have been demonstrated to be useful 
during surgical approaches of fractures and 
cases of nonunion [119]. Ongoing work is aim-
ing for its clinical percutaneous application, 
which might be helpful in some stress fracture 
conditions [118, 119]. Cost-effectiveness must 
also be taken into account, but this is a promis-
ing approach.
31.6.5  Recombinant Parathyroid 
Hormone
Parathyroid hormone (PTH) increases serum cal-
cium levels by enhancing gastrointestinal cal-
cium absorption, increases renal calcium and 
phosphate absorption, and releases calcium from 
the skeleton when required. Although with regu-
lar administration of PTH promotes osteoclast 
activity, intermittent exposure to PTH can also 
stimulate osteoblasts and results in increased 
bone formation.
Some studies have shown positive effect in 
bone healing [120]. Systemic intermittent PTH 
treatment can enhance either endochondral or 
intramembranous bone repair [121]. Once more, 
there is limited knowledge specifically in stress 
fractures, but this is also a promising and interest-
ing area for future developments.
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31.6.6  Low-Intensity Pulsatile 
Ultrasound Therapy
High-frequency sound waves that are above the 
audible capacity of humans can influence the 
bone and the surrounding soft tissues by creating 
microstress and tension that are capable of stimu-
late healing. Despite the method being effective 
in accelerating acute fracture consolidation [122], 
the exact mechanism remains unclear but is 
ostensibly related to increased synthesis of extra-
cellular matrix proteins [123]. There remains a 
paucity of available data concerning ultrasound 
and stress fractures. A meta-analysis of the effect 
of low-intensity pulsed ultrasound on the healing 
of all types of fractures found conflicting results 
and concluded that most studies had relevant 
methodological limitations [124].
31.6.7  Magnetic Field Application
Electric fields are recognized to promote bone 
healing in vitro given the fact they induce cellular 
stimulation and protein synthesis [123]. There are 
two main methods to consider: capacity- coupled 
electrical field (CCEF) devices or pulsed electro-
magnetic field (PEMF) stimulation [123]. CCEF 
requires operative placement of an electrode in 
the fracture site. PEMF promotes release of cal-
cium stored inside the cells, while CCEF uses the 
calcium ions present in the extracellular fluid. 
CCEF has been shown to result in higher DNA 
increase in bone tissue [123]. From a clinical per-
spective, there are few studies evaluating these 
methods [125–127]. Further research is needed.
31.7  Return to Sports After Stress 
Fractures
Stress fractures can result in prolonged 
absence from football, particularly the high-risk 
variety. The time taken from diagnosis to full 
recovery and return to play depends on multiple 
factors: the injury site, sports activity, injury type, 
and severity and possibility of correcting intrinsic 
and extrinsic risk factors [1, 81, 83].
Low-risk stress fractures and those manage-
able by conservative treatment usually make pos-
sible for the patient to return to their previous 
activities 4–17 weeks after the injury [128]. 
Ekstrand and Torstveit reported that the mean 
absence from football was 3 months for stress 
fractures of the tibia and 4–5 months for pelvic 
stress fractures [19]. However, tibial stress frac-
tures, according to its classification, might range 
from 2 to 12 weeks prior to return to play [62, 
98]. If surgery is required to treat stress fractures, 
it will typically take at least 3 months after sur-
gery to resume sports activity [51, 96, 100, 101]. 
Femoral stress fractures usually require 
12–18 weeks before full return to sports [74, 82].
The criteria that might be used to allow an ath-
lete to return to play include absence of pain at 
the affected site during sports activity, absence of 
symptoms during provocative tests, and absence 
of abnormalities in imaging examinations. It is of 
paramount relevance that the athlete, the coach, 
the manager, and the technical team understand 
the risk factors and conditions that led to the 
injury. This way, necessary steps can take place 
in order to mitigate these risk factors and prevent 
Fact Box 3
1. A stress fracture should always be considered 
in an athlete who presents insidious pain, 
referred to a bony structure, which typically 
increases after effort and diminishes on rest.
2. Radiographies alone are not feasible (very 
low sensitivity) for the diagnosis of stress 
fractures; diagnosis often requires MRI and/or 
a bone scan.
3. It is mandatory to investigate changes in the 
training schedule and/or playing surface in 
footballers.
4. Concerning women athletes, always search 
history of menstrual disorders, eating 
disturbances, and weight loss.
5. General rule: return to play (training) is 
allowed after 2–3 weeks free of symptoms.
6. There is currently no consensus on imaging 
criteria prior to return to play.
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recurrence and reappearance of injuries [1, 83]. 
The gradual return to sports activity should be 
started after the patient has been free from pain 
for 10–14 days, with 10% increases in training 
intensity per week [81]. Imaging information 
confirming complete healing might also be con-
sidered as previously discussed.
Take-Home Message
Despite being infrequent conditions, a stress frac-
ture should always be considered in an athlete 
who presents with insidious pain, referred to a 
bony structure, which typically increases after 
effort and diminishes on rest. The tibia is the sec-
ond most frequent bone affected by stress frac-
ture in football, followed by the pelvis. 
Understanding the biomechanical feature of ten-
sion and compression sites helps establishing 
higher-risk lesions.
Radiographies have very low sensitivity for 
the diagnosis of stress fractures; thus, MRI and/
or a bone scan is often required for early 
detection.
In the athletic population, it is mandatory to 
investigate changes in the training schedule and/
or playing surface. Female athletes have specific 
risk factors that need to be considered. Identifying 
biologic contributing factors, such as nutritional 
or hormonal deficiencies, is an important part of 
management.
During the healing phase, the athlete should 
focus on conventional methods of relative rest, 
analgesia, and rehabilitation. Although surgical 
stabilization involves iatrogenic trauma to the 
area, the pain related to surgery may well force 
the athlete to rest, thus promoting healing and 
recovery.
As a general rule, return to play (training) 
should be allowed only after the athlete remains 
2–3 weeks free of symptoms. There is currently no 
consensus on imaging criteria prior to return to 
play; however, some classifications have proven 
useful and the team physician must be aware of 
this to assure safe return to play for footballers.
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32.1  Introduction
The incidence of Achilles tendon rupture has 
been increasing since the 1980s of 18 per 
100,000 person years [29]. A much greater 
appreciation of variations in incidence has 
occurred with the adoption of nationwide hos-
pital [21, 28, 36] and provider group databases 
[52, 58, 62] together with the development of 
Achilles tendon rupture registries [3, 14]. A 
mean annual increase in rupture rate of 2.4% 
has been reported [28]. The most recently 
reported injury rates are of 46 per 100,000 per-
sons in 2013 [53].
The mechanism of injury is typically a rapid 
eccentric loading of the gastrocnemius-soleus 
complex. This most commonly occurs during 
sports activity [24] such as football, particu-
larly 5-a-side and badminton for males and 
netball for females [8]. Males are more 
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 frequently affected than females with a ratio of 
approximately 4–10:1 [8].
32.2  Consequences of Rupture
A rupture of the Achilles tendon has a prolonged 
recovery and in most studies leaving at least a 
10–30% reduction in functional calf strength [42, 
43, 54, 63] and endurance [6] despite increased 
muscle activity [19, 59]. The injury produces 
long- term limitations [5, 18, 19, 29, 37]—often 
>10 years—and many (30–40% of patients) fail 
to return to sports activities at the same level of 
performance as pre-injury [68].
Large variations exist between individuals, in 
the performance of specific sports activities, such 
as those required for return to play (RTP). In a 
study by Olsson et al. limb symmetry indexes 
between injured and non-injured sides ranged 
from 84% to 102% with standard deviations 
ranging from 15% to 26% during jumping tasks 
[44]. This variability may be due to several fac-
tors—gender, method of management (especially 
non-operative and operative treatments), plyo-
metric strength deficits, psychological compo-
nents, and other physical changes indirectly 
related to injury and recovery course. Patients 
may be physically able to return to sports activi-
ties, but the fear of re-rupture may cause an indi-
vidual to avoid the sports activity during which 
the injury occurred.
32.3  Management Options 
for Achilles Tendon Rupture
The management options for Achilles tendon 
rupture may be broadly split into non-operative 
and operative treatments.
Non-operative management now features a 
temporary or short-term cast followed by func-
tional bracing with early weight-bearing [4, 11] 
and early functional rehabilitation. For the gen-
eral population this method produces low re- 
rupture rates and satisfactory outcomes for 
activities of daily living [20, 61]. In recent non- 
operative series RTP percentages have varied 
with Barfod et al. reporting only 20% of patients 
RTP to the same level [4], while Ecker et al. 
reported an 87% return to a recreational level of 
play [11].
Operative treatment may be divided into percu-
taneous, minimally invasive, open and augmented 
repairs. Following repair full weight-bearing as 
able is encouraged, together with early range of 
motion training [25, 29, 40, 57].
32.4  Evidence from the Literature
The majority of randomized controlled trials 
comparing non-operative and operative treatment 
have shown no significant differences in the pri-
mary outcome measure usually the avoidance of 
re-rupture. The re-rupture rate is approximately 
0–3% after surgery and approximately 10–14% 
after non-operative management. Many studies 
are adequately powered for current outcome vari-
ables (re-rupture), but not for the all the possible 
confounding factors and as such may not yield 
accurate information on return to play. In addi-
tion many studies include a broad range of 
patients of different ages, body weights, and 
physiology that makes them difficult to apply to 
the competitive sports persons.
The randomized controlled trials do, however, 
yield the following statistically significant results:
Operative treatment appears to result in supe-
rior outcome in calf muscle function, which 
would be of great importance in athletes such as 
sprinters [23, 44, 63].
Fact Box 1
Patients sustaining rupture of the Achilles 
tendon tend to have 10–30% reduction in 
functional calf strength.
Fact Box 2
Operative treatment appears to result in 
superior outcome in calf function.
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If treatment goes well and without complica-
tions, many patients return to their previous level 
of sports activity [68]. If re-rupture occurs 
patients rarely return to their previous level of 
sports activity [40].
Operative repair may be less prone to failure 
consisting of tendon “non-union” and permanent 
elongation with interposed scar tissue than non- 
operative treatment [30, 51].
Patients return to work earlier [12] and have 
improved early function at 3 months [26] and 
6 months after operative treatment.
The literature shows increased re-rupture rate 
with non-operative treatment compared with 
operative treatment, but on the other hand, there 
are fewer overall complications than with sur-
gery. However, if accelerated rehabilitation is 
used, the risk of re-rupture decreases after non- 
operative treatment [56].
Minimally invasive and percutaneous surgery 
improves cosmesis and reduces the risk of wound 
breakdown and patients have comparable out-
come [10, 38, 67] (Fig. 32.1).
The use of a fascial turndown flap to augment 
repairs compared with a simple end-to-end open 
repair, neither improves outcome scores nor pre-
vents tendon lengthening and muscle weakness 
[18, 47].
Another factor of interest is the injurious 
event. While the majority of Achilles tendon rup-
tures are sustained during sports or athletic 
 activity, they are not necessarily sustained by 
patients who would be considered to be athletes. 
It is common for the patient to be in their mid-
forties and have recently returned to sports activ-
ity from either a period of work or looking after 
children during which time the tendon has effec-
tively become de-conditioned.
Given the limited reporting of pre-injury 
sports participation [68], there are relatively few 
series of professional and elite athletes who have 
sustained an Achilles tendon rupture from which 
it is possible to draw firm conclusions.
32.5  Evidence and Science 
Specific to Competitive 
Football and Other Sports
Footballers will have different priorities in terms 
of treatment compared with the general popula-
tion. Many patients will accept that an injury 
such as an Achilles tendon rupture is likely to 
take the full season to recover and rehabilitate 
from. Most will wish to avoid the complications, 
time loss, and reduced functional outcome of re- 
rupture. Additionally competitive athletes will 
wish to minimize any functional loss relating to 
their injury.
Participants in competitive sports activity, 
such as football, tend to be younger than the typi-
cal patient suffering an Achilles rupture and are 
not usually affected by any medical comorbidity. 
This means that infection and wound healing 
problems usually tend not to occur. In terms of 
factors predicting outcome following treatment, 
Olsson et al. have determined that a high BMI 
leads to an increased risk of a poor outcome [46]. 
This similarly does not apply to most profes-
sional sportsmen.
As a result, most players and athletes will 
choose operative treatment.
How to grade sports activity in cases of 
Achilles tendon rupture and how do we know that 
a player has returned to the same level of sports 
activity?
The ability to return to sport, return to work, 
and return to sports performance may also be 
considered to be indicator of a successful out-
Fig. 32.1 Minimally invasive Achilles repair has good 
cosmesis, reduced wound breakdown, and comparable 
outcome to open repair
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come. Several scales are commonly used in the 
literature to compare sports activity.
The Tegner sport and activity scale was 
devised as a follow-up indicator after knee liga-
ment injuries [60]. The Tegner score has com-
monly been used in lower limb sports injury 
surgery and (after 25 years of use) is considered 
to be an acceptable psychometric parameter of a 
patient administered score. It also provides an 
acceptable responsiveness, with an intra-class 
correlation of 0.8 and minimal detectable change 
of 1. The Tegner score in its original form has 
been used for ankle ligament surgery [34], poste-
rior ankle impingement [31], and plantaris [49] 
injuries. More specifically related to this chapter, 
the Tegner score has also been used following 
Achilles tendon injuries [13, 22, 27].
In 2004, Halasi et al. developed a new activity 
score for the evaluation of ankle instability [17]. 
This included 53 sports, three working activities, 
and four general activities inserted into a 0- to 
10-point category scoring system. The level of 
participation is divided into (1) top-level/national 
team, (2) lower competitive level, and finally (3) 
recreational level. Halasi’s score correlates with 
the Tegner score (r = 0.7565) and is shown to 
have high reliability. The ankle score differences 
are spread over a wider range (−1.18 ± 2.12) than 
the Tegner score differences (−0.68 ± 1.29), and 
so the new score is considered to have higher 
sensitivity.
The physical activity score (PAS) has been 
described by Grimby and Saltin to assess leisure 
time physical activity and divides the activity into 
intensity from light, moderate, and hard or very 
hard exercise [16]. The score has recently been 
found to have concurrent validity with respect to 
aerobic capacity and movement analysis. The 
score also has predictive validity to various risk 
factors for health conditions.
A simple method of determining whether 
patients have returned to the same standard of 
play is to rate their performance on a scale and to 
compare this rating with that achieved during 
follow-up.
Another subjective method is to ask patients if 
they had reached the same level of sports and 
physical activity or performance as before their 
injury. Patients can verbally be given the options 
of not yet, the same, or improved. This terminol-
ogy was used so that the patient could decide 
about their own function in respect to their sports. 
For example, a competitive footballer may return 
to the same team, play in the same league, and 
score the same number of goals, but they them-
selves may feel that they have not yet reached the 
same level of function.
The suggestion of the answer ”not yet” was to 
encourage patients with strengthening exercises 
and remind them of the expectation to return to 
sport.
A systematic review and meta-analysis have 
been performed to identify return to play (RTP) 
rates following Achilles tendon rupture and eval-
uate the measures that are used to determine RTP 
[68]. A total of 108 studies encompassing 6506 
patients were included for review. Eighty-five 
studies included a measure for determining 
RTP. The cumulative rate of RTP in all studies 
was 80% (CI95%: 75–85%). Studies with mea-
sures describing determination of RTP reported 
lower rates compared with those without descrip-
tive methods without metrics described. Eighty 
percent of patients returned to play following 
Achilles tendon rupture; however, the return to 
play rates depend on the determination methods 
used. To further understand RTP after Achilles 
tendon rupture, a standardized, reliable, and valid 
method is required.
A number of authors have published on the 
outcomes of professional or competitive recre-
ational athletes returning to sport. These are case 
series rather than randomized controlled trials. 
Most professional athletes are unlikely to be will-
ing to participate in a randomized controlled trial 
for risk being randomized to a group with any 
considered deficiency in outcome.
Similarly Martinelli et al. reported on amateur 
athletes who undertook regular training sessions 
Fact Box 3
80% of patients returned to play following 
Achilles tendon rupture.
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for their sport and professional athletes, overall 
mean age 30.5 years using the TenoLig® device 
to perform a percutaneous repair [35]. Athletes 
returned to their pre-injury level of sports at 
120–150 days.
On the level of recreational sportsmen, 
Gigante et al. performed a randomized controlled 
trial comparing a percutaneous repairs to open 
repairs performed using an end-to-end Bunnell 
repair, mean age 41 years (n = 40) [15].
Parekh et al. reported a retrospective web- 
based follow-up of 31 NFL players [48]. Thirty- 
six percent were unable to return to the same 
level of play, and of those who were able to 
return, 50% sustained a 50% drop in performance 
compared with pre-participation levels.
De Carli et al. reported using Kakiuchi’s mini- 
open technique to repair the Achilles tendons of 
athletes and found that 76.4% returned to the 
same sports activity level, but not all returned to 
their pre-injury level [9].
Maffulli et al. have reported on return to play 
following Achilles tendon ruptures repaired using 
a percutaneous technique [32]. In his series of 17 
athletes, mean age 34 years (16–41), all were 
able to weight-bear by the 8th postoperative 
week, and there was an average RTP of 
4.8 ± 0.9 months. Eleven athletes returned with-
out any limitations; however, six either played at 
a lower level for one season or did not achieve the 
same level at all. ATRS score at follow-up was 
91 ± 11 (79–99) points. Eleven athletes reported 
swelling around the tendon or ankle at follow-up, 
and four athletes suffered from calf cramps.
The performance outcomes of NBA players 
who returned to play were significantly reduced 
compared with controls following Achilles ten-
don ruptures in the first (P = 0.038) and second 
seasons (P = 0.08) [1]. Eighteen players were fol-
lowed up; 7 out of 18 never returned to an NBA 
game; 11 players returned for one season only 
and 8 for two seasons or more. Notably the inju-
ries were sustained over a 23-year period.
Jallageas et al. performed a 15 months follow-
 up of 31 athletes, mean age 38 years [23]. Overall, 
there was a 19% strength deficit; however, those 
receiving a percutaneous repair returned to play 
faster (130 days) than those who underwent open 
surgery. Eighty-one percent of those receiving a 
percutaneous repair returned to the same level of 
play, whereas only 73.5% achieved the same 
level following open repair. The overall return to 
sport was 153 days (91–246).
Vadala et al. treated 36 professional athletes 
using a combined percutaneous/mini-open tech-
nique; 86% resumed the same level of sports 
activity within 5 months of repair, another two 
within 7 months and three within 7–10 months 
[65].
McCullough et al. reported on a series of NFL 
players with an average age of 25.6 years [39]. 
Seventy-eight percent of players returned to NFL 
competition within an average of 8.9 months. 
One athlete in this series returned to play in 
166 days (5.4 months).
Ververidis et al. also performed a systematic 
literature review on percutaneous repair in ath-
letes [66]. The most frequent complication was 
sural nerve injury and the re-rupture rate was low. 
Ninety-one percent of patients returned to prac-
ticing sports, and 78–84% returned to the same or 
a higher level of sports. From nine studies, the 
average time to return to sports was 18 weeks.
Byrne et al. reported on a case of an interna-
tional bobsleigh driver who had a rupture repaired 
using a minimally invasive technique using lock-
ing sutures placed using the PARS device 
(Arthrex®, Naples, FL) and anchored into the cal-
caneus using a knotless system [7]. 
Postoperatively the patient was managed with 
full weight-bearing, early movement but notably 
no brace protection. He returned to training at 
13 weeks following surgery, won a World Cup 
silver medal at 18 weeks, and was ultimately 4th 
at the Winter Olympic Games 2014 at 29 weeks 
following repair.
32.6  Rehabilitation Following 
Achilles Tendon Rupture
Rehabilitation following Achilles tendon rupture 
can be considered in several phases: controlled 
mobilization, early recovery, late recovery, and 
return to sport. Despite these distinctions, con-
tributors to return to sport (i.e., strength deficits, 
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psychosocial concerns) should be considered 
throughout the rehabilitative process [2]. At the 
later phases of rehabilitation, football-specific 
guidelines have not been published in the context 
of Achilles tendon rupture; however, guidelines 
developed for other orthopedic injuries may be 
needed to be modified and applied to this 
population.
32.6.1  Controlled Motion
The controlled mobilization phase begins follow-
ing injury or surgery. The goal of this phase is to 
approximate tendon ends and facilitate tendon 
healing. Of particular concern is the avoidance of 
tendon elongation. Tendon elongation occurs 
during the first 8–12 weeks post injury [25, 41] 
and results in long-term plantar flexor deficits 
[54] as well as changes in movement biomechan-
ics particularly with running and jumping [64]. 
Early weight-bearing has been associated with 
trends toward lower levels of tendon elongation 
[25, 33]. Early weight-bearing is performed in 
plantar flexed positions using weight-bearing 
casts or boots. Later in this phase, the effects of 
immobilization can be addressed with joint mobi-
lization techniques to the talocrural and subtalar 
joints, taking care not to put the tendon on stretch. 
Furthermore, general hypotrophy can be 
addressed with active range of motion and iso-
metric strengthening avoiding the most extreme 
dorsiflexion ranges.
32.6.2  Early Recovery
The early recovery stage begins when the patient 
is able to ambulate in sneakers with a wedge, typi-
cally around week 6–8. At this stage, slow, con-
trolled weight-bearing exercises (such as the 
bilateral heel rise) are initiated to gradually load 
the tendon. Exercises to address other balance, 
range of motion, or strength deficits can also be 
added (Fig. 32.2). The goal of this stage is to walk 
symmetrically without bracing and perform activ-
ities of daily living (stair negotiation, ambulation 
in community) without compensation [45, 55].
32.6.3  Late Recovery
The late recovery stage begins when the patient 
is able to perform a unilateral heel rise with the 
goal of gradually progressing strengthening 
and returning to more dynamic activities, such 
as running. A running progression can be initi-
ated when the patient is able to complete five 
unilateral heel rises at 90% of the available 
height on the ruptured side. If the patient is 
unable to achieve this milestone by 16 weeks, a 
running progression can be initiated if the 
patient is able to raise at least 70% of body-
weight during a unilateral heel rise [55]. Low-
speed, low-intensity agility training (i.e., 
figure-8 jogging, low-speed carioca) can also 
be initiated during this phase (Fig. 32.3).
The literature comments upon goals to be 
attained following Achilles tendon rupture. 
Saxena et al.’s study stated the specific targets to 
be attained: 5 sets of 25 repetitions. These are 
introduced over time starting with three sets of 
ten based upon pain tolerance [50]. The calf cir-
cumference, measured 10 cm distal to the infe-
rior pole of the patella, should be comparable to 
the non-injured limb, and the ankle range of 
motion should aim to be within 5° of the non-
injured side [50]. Return to play was quoted as 
being between 12 and 26 weeks following 
Achilles tendon rupture [47].
In Hutchison et al.’s paper on a general popu-
lation cohort, patients were advised against sports 
Fig. 32.2 During the early recovery stage, balance, range 
of motion, and strength deficits can be optimized
M.R. Carmont et al.
pieter.orthopedie@gmail.com
435
activity until they could perform a single heel 
rise, sprint using the toe off phase of gait, per-
form a horizontal single leg hop 3× for more than 
75% of the non-injured leg and lastly perform a 
vertical hop to >75% of the non-injured side [20].
Goals such as these prepare the player to 
return to sports activity, training, and ultimately 
return to team selection. Activity during this pro-
gram should be organized and prescribed to 
increase specificity and load in respect to healing 
of the injury up to competitive matches. During 
the first weeks of RTP, low and moderate inten-
sity activities with increasing exposure should be 
pursued. On-field activity may include walking, 
walking and running alternatively, low agility cir-
cuits (as fast feet activities using speed sledge, 
hurdles, slaloms), and exercises with and without 
the ball. With time, players should be exposed to 
high-intensity activities to increase the load on 
the injured part and to enhance physical perfor-
mance. Interval training can be used simulating 
team play. For a load progression through more 
intense activities, the high-intensity interval 
method can be used after aerobic interval train-
ing. This consists of different running activities 
performed at high, but not maximal, intensity and 
short to long sprints (10–30 s) performed at max-
imal intensity; both spaced out by recovery peri-
ods. The high-intensity interval training can be 
organized as circuits with change of directions 
and technical exercises to stimulate coordination 
and agility and to allow the increase of demands 
a b
Fig. 32.3 Assessment of single heel rise on the affected side (a) can be compared to the non-injured side (b)
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on the neuromuscular system and minimize the 
risk of re-injury. Since high-intensity interval 
training will produce high neuromuscular stress, 
its use should be carefully considered especially 
during early RTP. Nevertheless, before return to 
team activity (in late RTP), the player should be 
able to cope with the team’s demands, and high- 
intensity activities provide the metabolic and 
neuromuscular responses that reproduce soccer- 
specific demands.
During the return to team phase, the team’s 
session can be considered an additional load for 
the player. The cognitive (tactical) activity 
required during a team session places high men-
tal load on the rehabilitating player, and in this 
manner gradual exposure to team activity is 
needed. Examples include that during the first 
week of team training, only low-intensity activity 
should be allowed (e.g., warm-ups, technical and 
tactical exercises), whereas in the subsequent 
week, more intense exercises such as small-sided 
games are performed on small pitches. In addi-
tion, coach encouragement, the presence of goal-
keeper, and other influences can change the 
intensity and should be considered and gradually 
introduced.
A load monitoring system is costly and is 
mainly implemented in professional teams; how-
ever, alternative strategy can be used in nonpro-
fessional environments. Ratings of perceived 
exertion (RPE) are less expensive, valid methods 
to assess training load in soccer. The RPE method 
is a simple, valid, and cheap method that corre-
lates to heart rate (HR)-based methods in differ-
ent sports. This is the perceived exercise intensity 
of the session multiplied by duration. The 
session- RPE correlates with HR and blood lac-
tate measurement. Indeed, the session-RPE is a 
global indicator of exercise intensity involving 
both physiological and psychological factors. For 
this reason, it may be considered a good inte-
grated marker of internal TL, and it is a method 
now widespread in professional and amateur 
level. Even if RPE collection is a simple method, 
ratings have to be collected confidentially to pro-
vide valid and useful ratings.
The implementation of a load monitoring strat-
egy is challenging, and some points should be con-
sidered in order to limit the misinterpretation of 
the outcomes. Different brands and models of GPS 
tracking systems can provide different reliability 
so that each player assigned to the same unit is 
permitted optimal longitudinal assessment (e.g., 
between days or weeks). Between different met-
rics, the most frequently used one in football is 
“the total distance covered.” This can be consid-
ered both a measure of training volume and a high-
intensity running distance.
32.7  When to Return 
to Competitive Play 
Following Achilles Tendon 
Rupture?
The question of when to return to play is fre-
quently considered, even though it is more accu-
rate to consider when to return for training for 
team selection. Within football most top-level 
teams will have several players competing for 
selection for each position, for each game. Given 
that a player will have a 6 months (or more) lay- 
off from his/her playing position, it is likely that 
the replacement player will have become estab-
lished in that position.
Additionally players will have to have ade-
quate level of psychological recovery to enable 
play without hesitation.
Psychological aspects are very important dur-
ing the rehabilitation process and RTP. Information 
from training load data can be used to provide 
feedback to the player regarding the ability to cope 
with on-field specific activities. The sharing of 
information with athletes can provide conscious-
ness of the ability to RTP and can reduce anxiety 
and stress and increase their motivation.
32.8  Summary
Achilles tendon ruptures are increasing in number 
and tend to occur in players at the later stages of 
their sporting careers. Even when ruptures are 
“successfully” managed without complication, 
players will demonstrate objective muscle strength 
weakness.
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In sports, where any loss of muscle strength 
leads to a considerable disadvantage operative 
repair, potentially open repair is most probably 
the management method of choice.
Although return to play at the same level is 
possible for many recreational athletes, this may 
be difficult for the professional football player.
Take-Home Message
Operative repair minimizes the strength deficit 
and optimizes function following an Achilles ten-
don rupture. Eighty percent of patients returned 
to play following Achilles tendon rupture. In 
addition to optimization of calf strength, players 
will have to have adequate level of proprioceptive 
calf function as well as psychological recovery to 
enable RTP without hesitation.
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33.1  Epidemiology
Muscle injuries constitute more than one-third of 
all time-loss injuries and cause more than 25% of 
the total injury absence in high-level European 
professional football clubs [1, 2]. A football team 
of 25 players can expect, on average, about 15 
muscle injuries over the season; a player sustains 
0.6 muscle injuries per season [1].
Ninety-two percent of all indirect muscle inju-
ries affect the four major muscle groups of the 
lower limbs; the hamstring (37%), adductor 
(23%), quadriceps (19%) and calf (13%) muscles 
are the most common injury locations [1]. Direct 
muscle injuries involve most likely the intermedi-
ate and lateral vastus muscle, the rectus femoris 
and calf muscles. These five different muscle 
injury types are among the ten most common 
injury subtypes in male professional football: 
hamstring muscle injury, adductor injury, quadri-
ceps muscle injury, calf muscle injury and thigh 
contusion [3].
Hamstring injury is the most common injury 
subtype in male professional football, represent-
ing 12% of all injuries [2]. The muscle injury rate 
has remained high and unchanged for more than a 
decade [4]. Recently, it has been shown that there 
is even a substantial increase regarding training-
related hamstring injury rates since 2001 [2].
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Epidemiology [1, 5, 6]
•  Muscle injuries account for 35% of all 
injuries in professional football and 
cause 25% of total absence.
•  A male elite football team of 25 players can 
expect 15 muscle injuries each season.
•  On average, every player sustains 0.6 




Following definitions are used in this chapter in 
accordance with previous publications [2, 7, 8]:
Injury: Injury resulting from playing football 
and leading to a player being unable to fully par-
ticipate in future training and match play (time- 
loss injury).
Indirect muscle injury: A muscle injury 
caused without the influence of a direct external 
trauma.
Non-structural (functional) injury: Painful 
muscle injury without macroscopic evidence of 
muscle fibre damage (seen in ultrasound/MRI).
Structural injury: Any acute indirect muscle 
injury with macroscopic evidence of muscle fibre 
damage (“tear”, seen in ultrasound/MRI).
Direct muscle injury: A traumatic muscle 
injury caused by a direct (blunt or sharp) external 
trauma.
Return to play (RTP): Refers to the time 
point after injury when the athlete is fully able to 
participate in training and available for match 
selection.
Lay-off/absence: Number of days until the 
player resumed full team training.
Reinjury/recurrency: Injury of the same type 
and at the same site as an index injury occurring 
no more than 2 months after a player’s return to 
full participation from the index injury.
(Strain: This term should be avoided since it 
is a biomechanical term which is not defined and 
used indiscriminately for anatomically and func-
tionally different muscle injuries.)
33.3  Diagnosis and Classification 
of Muscle Injuries
Athletic muscle injuries present a heterogeneous 
group and are difficult to define and categorize. 
However, an accurate diagnosis is the first step 
towards a specific treatment and usually allows to 
predict return to play [8–10]. The risks of misdi-
agnosis are high; it can affect a player’s progress 
in terms of rehabilitation and return to play and 
can also be expected to affect recurrence and 
complication rate for the injury. The diagnosis of 
acute muscle injuries is normally based on medi-
cal history and clinical findings with radiological 
methods such as MRI or ultrasound being used to 
provide additional information to confirm the 
diagnosis [11–14]. Physical examination includes 
inspection (Fig. 33.1), palpation, functional test-
ing, range of motion of the adjacent joints and 
stretch testing [10].
Many different classification systems are pub-
lished in the literature with a high number of pro-
posals in recent years [15–22]. However, some of 
them are lacking diagnostic accuracy and provide 
limited prognostic validity.
Due to the variety of classification systems, 
there is still little consistency within studies and 
in daily practice. In 2012, a comprehensive expert 
consensus-based classification was published 
[16]. This categorization defines and subclassi-
fies most types of athletic muscle injuries. In con-
trast to other recent classifications, it is based on 
medical history, examination and imaging—and 
not solely on imaging. The system differentiates 
between indirect and direct muscle injuries which 
is important because these injury types cause dif-
ferent time of absence [6, 9, 10, 16]. The validity 
of this so-called Munich classification system is 
•  The muscle injury rate has remained high 
over the last decade.
•  Indirect time-loss muscle injuries are 
much more frequent compared to direct 
injuries.
•  Ninety-two percent affect the four mus-
cle groups: hamstring, the quadriceps 
(mainly rectus femoris), the adductor and 
the calf muscles.
•  The most common single type is ham-
string injury (86% of these injuries affect 
the biceps femoris).
•  Hamstring injuries are related to high 
velocity (sprinting).
•  Quadriceps injuries are related to shots at 
goal.
•  The risk of injury is six times higher dur-
ing matches compared to training.
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evaluated for return to play after thigh muscle 
injury in professional male football players [9]. 
This is “the first time in over 100 years of muscle 
injury grading that authors are testing a proposed 
classification model” [23].
Indirect injuries are differentiated into func-
tional (non-structural) and structural types. 
Functional injuries/disorders are minor injuries 
causing swelling, oedema and painful muscle 
tightness. Players are unable to compete because 
of functional limitations even though muscle 
fibres are macroscopically intact. Structural inju-
ries (tears) are usually induced by eccentric 
stretching and are caused by a sudden forced 
lengthening, in excess of the muscle’s viscoelas-
tic limits, during a powerful contraction (i.e. an 
internal force). There are different types and 
grades of each category [16, 24]. Structural inju-
ries, for example, are subclassified according to 
their size and prognosis into minor and moderate 
partial and into (sub)total tears.
Direct injuries (i.e. lacerations or contusions) 
are caused by external forces, e.g. a direct blow 
from an opponent’s knee. Contusion injuries can 
lead to bleeding, causing pain and a loss of 
motion, but muscle fibres are usually not torn 
from longitudinal traction.
The incidence of indirect injuries is about eight 
times higher (1.48/1000 h) compared to direct 
muscle injuries (0.19/1000 h) (p < 0.01) [6].
33.4  Treatment
Current treatment principles have no firm scien-
tific basis; they are practiced largely as empirical 
medicine due to a lack of prospective randomized 
studies [24–27].
Immediate treatment. It usually follows the 
well-known PRICE regimen (protection, rest, 
ice, compression and elevation), even though 
there is not a single randomized prospective 
study to prove its evidence [25, 27]. The aim of 
the immediate treatment is to minimize bleeding 
into the injury site. Any larger hematoma is a 
mechanical barrier for the healing tissue and may 
lead to scar formation with direct clinical rele-
vance regarding absence. Insufficient acute treat-
ment will not only delay the healing process but 
also increases the risk of subsequent imaging 
overestimating the injury owing to the presence 
of a hematoma or oedema (seen as a bright signal 
in the MRI). An elastic compression bandage 
Fig. 33.1 Clinical inspection of an acute subtotal muscle 
tear (distal long head of left biceps femoris) in an elite 
football player (dynamic inspection—the player contracts 
the hamstrings against manual resistance). Note the 
retracted/proximalized muscle belly and the defect zone 
distally; the biceps femoris tendon is not detectable. 
Compare the normal muscle relief on the right side. The 
severity of this injury is obvious on inspection and func-
tional testing; however, it was initially underestimated as 
a minor partial muscle injury. The injury was managed 
conservatively, absence was approximately 5 months, the 
player returned to preinjury level with unrestricted train-
ing and competition, and no reinjury occurred during the 
following years until today
Fact Box 2
Diagnosis and classification [10, 13, 24]
•  Diagnosis and classification are based on 
medical history and clinical examination.
•  Imaging (ultrasound and MRI) is indi-
cated in structural injuries and provides 
additional information.
•  There are indirect (“strains”) and direct 
(most of them contusion) injuries.
•  Indirect injuries are classified into non- 
structural (MRI negative or oedema only) 
and structural (visible tear in MRI) 
injuries.
•  Classification and sub-grouping can have 
a prognostic validity for RTP.
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soaked in ice-cold water is a simple and fast 
immediate treatment for muscle injuries. Even 
though there is some discussion about cooling 
and sports injuries [28], its liberal use seems jus-
tified even in the presence of uncertainty about 
the precise diagnosis because of the scarcity of 
side effects. Early mobilization allows more 
rapid and intensive capillary ingrowth in the 
injured area, better regeneration of muscle fibres 
and a more parallel orientation in the regenerat-
ing myofibres and should be aimed in the major-
ity of the cases.
Non-operative treatment versus surgery. 
As mentioned above, the vast majority of muscle 
injuries can be resolved with non-operative treat-
ment; only a small number of cases will require 
surgical intervention [16, 29]. Complete tendi-
nous avulsion/rupture with significant retraction 
of the muscle (in biomechanical terms, a total 
tear in the origin or insertion of the muscle) is 
unlikely to heal spontaneously at the original 
anatomical localization [30]. Surgical reattach-
ment using suture anchors is usually indicated in 
these cases, especially on the proximal rectus 
femoris [30, 31] and the proximal hamstrings 
[32, 33]. In contrast, complete tendinous avul-
sions of the proximal adductor longus (an uniar-
ticular muscle) can be managed conservatively 
with equal results to operative treatment and 
unrestricted return to play to preinjury level in 
high-performance athletes [34].
Non-steroidal anti-inflammatory drugs 
(NSAID). Clinical and basic scientific studies 
have reported conflicting and even negative 
effects of NSAIDs on the healing process of mus-
cle injury [35–38]. NSAIDs suppress the percep-
tion of pain by inhibiting prostaglandin synthesis, 
which may create problems, as an accurate and 
undistorted perception of the state of the injured 
muscle is of great importance for the player’s 
rapid or progressive rehabilitation [24]. Moreover, 
NSAIDs can have adverse effects such as fibrosis 
of the injured muscle [36, 38]. Thus, NSAIDs are 
not recommended for the treatment of muscle 
injuries or only for a few days.
Injection therapy. In a number of different 
variations, it is used frequently, with positive 
results empirically. Evidence in the form of pro-
spective randomized studies is still needed in 
order to verify these results and analyse the long- 
term effects. The aim of injecting therapeutic 
agents directly into injured muscle tissue is to 
regulate muscle tone, to create optimum condi-
tions for muscle regeneration and—if there is a 
hematoma/seroma—to puncture it in the same 
session. There are several types of medication, 
such as Actovegin®, a deproteinized hemoderiv-
ative (which is not FDA-approved), and autolo-
gous serum products (platelet-rich plasma, PRP) 
that are currently used for injection. Is has been 
shown that Actovegin® has a positive impact on 
muscle regeneration after injury, particularly in 
terms of fibre synthesis, detonization of firm 
muscle fibres and the shortening of recovery 
times [39, 40]. New data demonstrate that 
Actovegin® activates satellite cells and supports 
the differentiation of myotubes [41]. However, 
more objective evidence is needed before any 
definitive conclusions can be drawn.
PRP is increasingly being used in situations 
that require a rapid RTP, and more and more data 
are reported on effects on muscle injuries with 
controversial results [42, 43]. PRP has not yet 
been systematically studied and questions remain 
as to when and how PRP should be used in mus-
cle injuries [44]. PRP may contain deleterious 
cytokines and growth factors, such as TGF-β1, 
that can cause fibrosis and inhibit optimal muscle 
healing [45, 46]. Thus, non-structural and smaller 
structural muscle injuries should not be treated 
with PRP in order to avoid scarring.
Stem cell treatment. It has been proposed as 
another option for the treatment of muscle inju-
ries [47–49]. However, clinical studies are needed 
before definitive conclusions can be drawn.
Corticosteroids. These should never be used 
locally or systemically in the treatment of muscle 
injuries. They can delay healing by suppressing 
physiological responses to injury, reduce biome-
chanical strength of injured muscle and increase 
the risk of a soft tissue infection and/or local soft 
tissue necrosis [25, 50, 51]. Positive reports in the 
literature [52] can definitely not be confirmed.
Appropriate physical therapy, rehabilitative 
exercises and training therapy are essential com-
ponents of the rehabilitation of an injured muscle. 
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Regular follow-up examinations on the current 
muscle status are crucial to evaluate the progress 
made in terms of healing and to determine when 
the injured muscle can be exposed to the next 
step of load. A precise rehabilitation programme 
should be developed for each athletic muscle 
injury, including recommendations for sport-spe-
cific training with gradually increasing intensity 
(Table 33.1). Comprehensive rehabilitation pro-
grammes for all specific athletic muscle injuries 
can be found in [10].
33.5  Return to Play/Absence After 
Various Types of Muscle 
Injury
The most important question to physicians and 
the medical team after an injury is: “when will 
the player be back safely?”—particularly in elite 
athletes, where return to play and player avail-
ability have significant financial or strategic con-
sequences for the player and the team. For 
example, the absence of an injured football player 
can generate costs for the club of 30,000 euro per 
day (player salary of 5 million euro, transfer 
amount of 30 million euro and a 5-year contract 
assumed) [8].
The biology of muscle healing is well 
described in the current literature [25, 53]. 
Healing of muscle tears is a gradual process, and 
time is needed depending on injury type and the 
size of the tissue defect to restore the function of 
the muscle to the preinjury level [8, 10, 25, 54]. 
Muscle tissue can heal ad integrum without an 
obvious remaining scarring/fibrosis depending 
on the muscle tissue defect and involvement of 
intramuscular connective tissue, tendons, and 
fascia. Usually minor partial muscle tears heal 
completely, while moderate partial tears or 
larger injuries result in a defective healing with 
scarring/fibrosis [53]. Early after injury, the 
Table 33.1 Example of a rehabilitation programme including a passive, semi-active and active phase with gradual 
increasing load
Week Principle ROM Basic content
1–3 Passive Hip abduction/adduction limited to 
10°–0°–10°
No active abduction and stretching 
until week 7
Gentle lymphatic drainage
Passive mobilization of the hip in 
flexion/extension
4–5 Semi-active Hip abduction/adduction limited to 
20°–0°–20°
Exercises against body weight
Cycling and unidirectional 
aquajogging
6 Active, increasing 
intensity
Free Running training unidirectional 
within aerobic intensity starting 
with 20 min
Training of basic fitness
Careful manually guided 
stretching
7 Active Free Careful start with strengthening 
exercises
Activation of adductor longus 
muscle
Coordinative exercises in more 
complex movement patterns
8–10 Active Free Running training with increasing 
intensity, multidirectional, start of 
sport-specific training
10+ Active Free Sprints and multidirectional 
running
Training with ball, back to team
This particular programme was developed for conservative management after complete proximal adductor longus avul-
sion (adapted from Ueblacker et al. [34])
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 connective tissue scar is the weakest point 
[25, 55]. At a certain point, depending on the 
injury size, the maturation of the scar has reached 
the point at which it no longer is the weakest 
point of the injured muscle; if loaded to failure, 
the tissue usually tears within the muscle tissue 
adjacent to the scar tissue [25]. In more severe 
injuries, a fibrotic scar can remain, palpable as a 
rigid mass within the muscle. Fibrosis can impair 
the function of skeletal muscle; however, many 
elite athletes play on the highest level with a cer-
tain scar tissue in their muscles after more severe 
muscle injuries. Fibrosis is difficult to quantify 
[49]; the relationship between fibrosis and 
increased muscle stiffness remains unclear [56].
Returning to full activity without sufficient 
healing of the muscle tissue and without a recov-
ery of tensile strength is likely to lead to more 
severe reinjuries [16, 25]. Thus, an excellent 
communication between the coaching staff (reha-
bilitation, fitness and head coach) and the medi-
cal team is the essential precondition for a 
successful RTP after every injury.
Classification and sub-grouping into injury 
type and dimension of pathology can help to prog-
nosticate RTP after thigh muscle injury in profes-
sional male football players [6, 9] (Fig. 33.2). It 
has been shown that indirect muscle injuries cause 
19% of total injury-driven absence and direct inju-
ries 1%. The mean lay-off time for all indirect 
injuries is 18.5 days what differs significantly from 
direct injuries with 7.0 days (p < 0.001) [6].
Muscle contusions. These are usually painful 
and may cause considerable functional disability 
in the affected area. However, players with contu-
sions (direct injuries) can often continue playing 
for some time, whereas indirect structural inju-
ries most often urge the player to stop at once 
[24]. It is known that early return to full function 
and rehabilitative therapy after direct injuries can 
be usually more aggressive to the limit of pain 
tolerance (Fig. 33.3), which is not the case in 
indirect muscle injuries [6, 57, 58].
Referred pain, spine-related muscle injuries. 
It is well known that lumbar pathologies such as a 

































Fig. 33.2 Mean days of absence (and standard deviation) 
after various types and grades of muscle injury (modified 
from [6, 8, 9]. As the large standard deviations show, 
there is considerable variation in RTP for all muscle inju-
ries; rehabilitation can proceed faster or take longer (e.g. 
if the central tendon is involved, after previous injury, etc.) 
depending on the individual case. Note: only a few of 
direct muscle injuries (most of them contusions) cause 
absence; the vast majority of players with these type of 
injury can continue to play which is not possible after an 
indirect injury, e.g. partial muscle tear
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elite athletes [59, 60] and may present with ham-
string and/or calf pain and limited flexibility. This 
can result in, or mimic, a muscle injury [61] which 
can prevent a player from training and competing 
and will require comprehensive treatment. 
Differentiation between spine-related injuries and 
other injuries is important, not only because of the 
different pathogenesis but also because of the dif-
ferent therapeutic implications [10, 61].
33.6  Risk Factors for Muscle 
Injury and Preventive 
Strategies
Previous injury (especially a more severe injury 
and involvement of the tendon) has been shown 
to be the highest risk factor for subsequent mus-
cle injury. Other potential risk factors are shown 
below. The results of recent studies confirm that 
preventive strategies can reduce the risk of mus-
cle injuries (Table 33.2) [13, 62–67].
Exercises to stabilize the lumbopelvic muscles 
(called also the lumbopelvic-hip complex or 
“core”) have become increasingly popular in recent 
years for general injury prevention, especially in 
high-level sports. Deficits in the neuromuscular 
control of the lumbopelvic region are considered 
an important predisposing factor for muscle inju-
ries [67]. Many studies confirm that training to 
improve lumbopelvic stability and strength can 
influence the function of the lower extremity mus-
cles significantly and that this type of training can 
also make an important contribution for the preven-
tion of muscle injuries by optimizing the function 
of the lower extremity muscles [65, 68].
33.7  Return to Play Criteria
It must be emphasized that there are no consensus 
guidelines or standardized criteria for safe return 
to sport following muscle injury [8, 10, 66, 69]. 
Fig. 33.3 Extensive muscle contusion on the dorsal thigh 
and calf of an elite football player. Clinical examination 
and imaging demonstrated diffuse hematomas, but no 
substantial tear; no signs of compartment syndrome. After 
a fast 4-day rehabilitation, the player was asymptomatic 
and able to fully participate in training. Two days later, he 
played without complaints in a national league game, no 
reinjury occurred
Table 33.2 Overview of potential risk factors for muscle 
injuries and possible preventive strategies
Risk factor Preventive strategy
Poor strength, hamstring/










Limited ROM of adjacent 
joints
Joint mobilization
Poor warm up before 
training/competition
Improvement of warm 
up methods
Weak core stability Strengthening of 
lumbopelvic muscles 
(“core”)
Fatigue Improvement of basic 
fitness
Intense training sessions, 
coaching methods, end of the 
season
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The primary aim is a safe RTP with minimal risk 
of reinjury. But how can this be managed 
(Table 33.3)?
During rehabilitation, thorough follow-up exam-
inations including palpation, functional testing and 
imaging (in case of more severe injuries) are crucial 
to evaluate the progress made in terms of healing 
and to determine when the injured muscle can be 
reexposed to the next step of load. If possible, all 
data should be compared with existing preinjury 
data (e.g. obtained during preseason testing).
In accordance with others [73], the authors of 
this chapter recommend a step-by-step algorithm. 
Progressive exercising of the injured limb in incre-
mental stages not only retrains the muscles in com-
plex movement patterns but also provides valuable 
feedback for the athletes, the medical and coaching 
teams. The player is ready to advance to the next 
stage only when he/she is free of complaints/pain 
and the tone of the muscle is not elevated. The pri-
mary goal is to avoid that players are exposed to 
high loads too early and thus to avoid reinjury.
Strength testing. The value of strength test-
ing before RTP is still controversially discussed 
[13, 70, 74, 75]. Less than 10% isokinetic 
strength deficit was previously described as an 
acceptable limit. However, a recent study dem-
onstrated that 67% of clinically recovered ham-
string injuries showed at least one hamstring 
isokinetic testing deficit of more than 10% con-
cluding that the normalization of isokinetic 
strength testing seems not to be a necessary 
result of the successful completion of a football-
specific rehabilitation programme [75]. It 
remains unknown if an isokinetic strength deficit 
is associated with an increased risk of reinjury 
[75]. It has been discussed that muscle function 
after acute muscle injury is still in question even 
after an athletes RTP [49]. A study in male semi-
professional football players explored that func-
tion improved with time after RTP [49, 76]; 
injured athletes were slower at sprinting com-
pared to non-injured players at RTP. This study 
was conducted in semiprofessional players. 
However, it is debatable whether and how often 
this occurs on elite level.
It is important to state that no maximal 
strength tests should be performed before RTP 
since strength tests represent maximum (and 
sometimes isolated) load on the injured tissue 
with a high risk of reinjury.
Table 33.3 An overview of RTP criteria that are dis-






Pain after muscle injury often 
subsides within a few days. This 
may tempt the athlete as well as 
the medical and coaching team to 
load the injured muscle too early. 
Absence of pain does not 
correlate with healing of muscle 
tissue; pain is not a good 
indicator during rehabilitation of 
muscle injuries
Muscle tone/tension should be 
equal to contralateral side; there 
should be no tenderness on injury 
site on palpation. However, scar 
tissue within the muscle can be 




Important factor. A recent 
systematic review demonstrates 
moderate evidence that visual 
analogue scale pain at time of 
injury and predictions for time to 
RTP by the patient and the 




Controversially discussed, see 
below
Normal muscle 
flexibility and ROM 
of adjacent joints
Easy to determine in clinical 
examination, important 






Important functional factors for 
RTP and further injury 
prevention but more difficult to 
determine
Normal basic fitness Important factor to avoid fatigue 
(data should be compared with 
preinjury data)




Important factor, inevitable 
before team training. Should be 
performed after progressive 
rehabilitation programme 
including running training, 
sprinting, stop-and-go, etc. and 




Controversially discussed, see 
below




RTP criteria and reinjuries
•  Different types and grades of muscle 
injuries lead to different absence times.
•  Biology in terms of tissue healing has to 
be respected.
•  There are no consensus guidelines or 
standardized criteria.
•  The value of strength testing and MR 
imaging is controversially discussed.
•  The highest risk factor for muscle injury 
is a previous injury (players with a previ-
ous hamstring injury have a seven times 
higher risk for injury); other risk factors 
are controversially discussed.
•  The reinjury rate after muscle injury is 
16%.
•  Reinjuries cause 30% longer absence.
Imaging. MRI has been the preferred imag-
ing for muscle injuries in recent years [77–80]. 
Its use in the assessment of muscle injuries is 
very controversially discussed in the literature 
[12, 69, 77, 81, 82]. In summary, MRI is par-
tially helpful in grading of injuries, determina-
tion of tissue defect size and location of 
injuries.
During healing and rehabilitation, imaging is 
especially indicated in the more severe muscle 
injuries to exclude further retraction of muscle 
fascicles, to identify hematoma and/or seroma 
and to assess tissue healing and scarring. 
However, when imaging is used without con-
comitant clinical information, it can lead to mis-
interpretation since there are no specific 
pathological changes separating direct from 
indirect injuries [6, 83]. Moreover, the resolu-
tion of the injury as detected by MRI can be 
delayed compared to functional recovery, in 
indirect injuries [84, 85], as well as in direct 
injuries [57]. Despite markedly abnormal MR 
images weeks and even months after return to 
play (i.e. pathological signals resulting from 
oedema, hematoma, scarring, etc.), athletes can 
be able to compete at the highest professional 
level without functional deficit in many cases 
[57, 82, 84, 85]. Thus, imaging to determine 
RTP has to be used with caution; its value is 
very controversially discussed.
33.8  Reinjuries
The recurrence rate in male professional football 
players amounts to 16% [1]. The greatest risk is 
during the initial 2 weeks following RTP [54]. 
Reinjuries are usually more extensive than the 
initial injury and cause a longer period of absence 
[1, 5]. Recurrences could be reduced if precise 
clinical evaluation and diagnosis are performed 
which are critical for adequate assessment and 
rehabilitation of a muscle injury. The current dis-
cussion about premature RTP after surgery [86] 
must definitely be expanded to premature RTP 
after muscle injury.
Take-Home Message
 – Muscle injury is the most frequent injury type 
in professional football.
 – RTP/absence following muscle injury depends 
on the injury type and grade.
 – The primary aim is to prevent reinjury.
 – A complete risk elimination for recurrence is 
not possible.
 – Diagnosis and classification is based on 
medical history and clinical examination 
with additional information gained with 
imaging.
 – Indirect injuries (“strains”) require a more 
careful rehabilitation and longer RTP and 
should be differentiated from direct ones 
(“contusions”) with a faster RTP.
 – Non-structural (MRI negative/MRI oedema 
only) muscle injuries cause significant shorter 
absence compared to structural muscle injuries 
(MRI positive, “tears”).
 – A rehabilitation programme with gradually 
increasing load should be developed for every 
individual muscle injury.
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 – Lumbopelvic muscle (“core”) strengthening 
should be included in daily training before and 
after RTP to prevent further injuries.
 – Running training should be started unidirec-
tionally within aerobic intensity. Muscle 
fatigue must be strictly avoided.
 – Completion of symptom-free individualized 
sport-specific training including sprinting, 
shooting, etc. is mandatory before RTP.
 – Participation in competition should start with 
30–45 min for the first games.
 – Regular clinical follow-up examinations are 
necessary before and after RTP.
 – Muscle strength and function may not be 100% 
at RTP; both usually further improve with time.
 – The use of strength tests and imaging as RTP 
criteria remains questionable.
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Evidence-based data on the return-to-play pro-
cess after football injuries mostly refer to surgi-
cally treated injuries such as anterior cruciate 
ligaments, ankle injuries, Achilles tendon inju-
ries or severe injuries of the upper extremities 
[12, 18, 20, 34]. Other well-documented inju-
ries are severe injuries necessitating long 
absence from football such as groin pain 
because of osteitis pubis [38]. Injuries associ-
ated with short absence from football training 
and fast recovery are classified as minor inju-
ries [16]. Minor football injuries have a high 
incidence and lack sufficient evidence-based 
data with regard to treatment options. The most 
important reason for the lack of standards for 
minor overuse and traumatic injuries is the 
wide variety of conservative treatment options 
and pain management available. Thus, the suc-
cess of the healing and return-to- play process 
after injury depends on the experience of the 
responsible medical team. The main criteria for 
a successful return after minor injury are the 
exclusion of severe injury and symptom- 
adapted treatment.
Emergency managements use the term ‘stay 
and play’, which comprises all steps of medical 
treatment of the injured body site [39]. In the 
context of sports traumatology and injuries sus-
tained on a football field, the term ‘stay and play’ 
refers to the different steps of treatment provided 
by the medical staff on field that enable slightly 
injured players to stay in the match.
34.2  Injury Profiles in Football
Football is a contact sport with frequent rota-
tional movements and abrupt stopping manoeu-
vres; therefore, football players are susceptible to 
injuries caused by contact and non-contact mech-
anisms [16]. A few years ago, partial or indirect 
contact mechanisms were established as a third 
possibility [7]. Such injuries are caused by direct 
contact to anybody site but the injured one imme-
diately before the injury in contrast to injuries 
caused by direct contact to the injured body site. 
The mechanisms of non-contact injuries are still 
being investigated. First results have shown that 
non-contact injuries do usually not occur because 
players are inattentive but because of the pres-
ence of internal and external risk factors or spe-
cific injury situations during a match [1] that 
challenge the neurocognitive conception of the 
players.
Typical injury patterns in football have been 
well described in the literature [2]. In scientific 
football publications, injuries are divided into 
time-loss and non-time-loss injuries [16]. This 
definition is fundamental for epidemiological sta-
tistics on football injuries and has often been 
used successfully in the literature [13, 27, 28]. 
However, this injury definition may result in the 
underestimation of non-time-loss injuries that 
involve a specific trauma or symptom but not 
time away from official football matches. The 
frequent failure to include such injuries in scien-
tific injury reports has led to a lack of knowledge 
about frequency, diagnostics, treatment and 
return-to-play procedures after non-time-loss 
injuries.
A further definition by Fuller et al. is the clas-
sification of injury severity according to the time 
away from football [16]. The classification into 
minor, moderate and severe injuries is well 
accepted in the literature and represents an 
important foundation for scientific injury reports 
in football. Particularly professional football 
players are under severe pressure to stay on field, 
to ignore minor injuries and complaints or take 
painkillers for competition or training [35]. Thus, 
a detailed classification may be essential to quan-
tify and qualify the minor injuries in detail. Non- 
time- loss injuries are frequently ignored in 
scientific publications but represent an important 
cause of chronic complaints or the development 
of severe injuries [14, 38]. An injury classifica-
tion should include all consequences and return- 
to- play procedures after football injuries, 
particularly time away from football and other 
medical consequences (Table 34.1).
Particularly team coaches have to know as 
early as possible, how long an injured player will 
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be away from football and if the player will be 
able to play again at all (Table 34.2).
34.3  Minor Non-time-loss Injuries 
in Football
The definition of non-time-loss injuries needs to 
be clearly established within a team. The term 
‘non-time-loss’ includes minor injuries that do 
not result in any time away from football so that 
the players may proceed with their training as 
planned. The other definition is ‘time away from 
football for at least one training session’ but 
planned participation in the next match. The first 
situation may only require ‘stay and play’ steps 
such as taping the ankle, but the second situation 
will already require specific medical treatment by 
the physiotherapist or the medical physician. 
After successful treatment and participation in 
the last team training before competition, the 
return-to-play process of the player needs to be 
planned. A potential classification for non-time- 
loss and minor injuries including potential ‘stay 
and play’ procedures may look as follows 
(Table 34.3):
‘Stay and play’ procedures lack so far suffi-
cient scientific evidence despite the high inci-
dence of non-time-loss injuries in football. For 
this reason, the above classification is based on 
the practical expertise of physicians experienced 
in the treatment of football players. The most 
important factor for using ‘stay and play’ proce-
Table 34.1 Injury definition and return-to-play decision
Injury 
definition













Missing at least 
one match
Relevant loss of 
athletic skills
→  ‘Return-to-play’ 
decision
Table 34.2 Injury information details to the team coach
Time of information 
to the coach
Reason for the information to the 
coach
During the match → To substitute the injured 
player
Until the next match → To plan the team configuration 
for the next match
During the next 
weeks
→ To plan the change of general 
tactics in the team
Within the 
half-season
→ To plan to take on a new 
player
Within the running 
season
→ To plan to take on a new 
player
In general → To mentally support the 
injured player
Fact Box 1
 – The scientific literature on football med-
icine and orthopaedics comprises many 
publications and detailed illustrations 
about injury patterns in football.
 – However, despite the high frequency of 
minor injuries that only involve short- 
term absence from football or no 
absence at all, there is a lack of evidence- 
based data on treatment outcome and 
return-to-play procedures.
 – New detailed definitions of return-to- 
play procedures for minor injuries are 
necessary, in particular in the case of 
return-to-play within 1 week termed 
‘stay and play’.
Table 34.3 Stay and play procedure in minor football 
injuries
1. Minor injury, type I
All minor injuries with immediate return-to-play during 
the same match (no player substitution)
→ ‘Stay and play’ procedure I: first aid on field
2. Minor injury, type II
All minor injuries involving a player’s substitution but 
no further time away from next football training
→ ‘Stay and play’ procedure II: first aid on 
field + clinical diagnosis + symptomatic therapy
3. Minor injury, type III
All minor injuries involving a few days’ absence from 
football training but return-to-play in the next match
→ ‘Stay and play’ procedure III: first aid on 
field + clinical diagnosis + exclusion of more severe 
injuries (imaging) + conservative 
treatment + return-to- play test in the last team 
training
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dures I–III is a sufficient clinical diagnosis on the 
field, the entire range of conservative treatment 
provided by the medical staff as well as close 
cooperation of the injured player.
34.3.1  Traumatic Injuries in Football
Traumatic football injuries with low severity and 
non-time-loss are a frequent occurrence in train-
ing and matches [12, 28]. Typical injuries with 
low severity and generally without any time away 
from football are [9, 24, 25]:
 – Bone contusions
 – Skin lacerations
 – Joint sprains
 – Muscle strains
These types of injury may affect all body sites 
of the upper and lower extremities, the trunk and 
the back. Only the head and neck are specific 
body sites that may require alternative assess-
ment after a low-severity injury. A skin laceration 
on the head is principally a minor injury but may 
be associated with a brain injury with neurologi-
cal symptoms [29].
Frequent minor football-specific injuries requir-
ing ‘stay and play’ procedures on football field are:
 – Ankle sprains
 – Thigh muscle strains
 – Knee and shank contusion
 – Finger sprains
 – Head contusion and skin lacerations
 – Cervical sprains
 – Foot contusion
Sometimes, players who have sustained a 
severe traumatic injury, for instance, a joint 
dislocation or fracture, are able to ‘stay and 
play’ on the field. One typical example for this 
situation is a joint dislocation of a finger or a 
fracture of one of the bones in the hand. Of 
course, ‘stay and play’ in such a situation is 
only possible for field players but not goal-
keepers. Field players may wear protective 
equipment on the injured hand to protect the 
fracture or joint dislocation from further dam-
age during competition (Fig. 34.1).
34.3.2  Overuse Injuries in Football
Overuse injuries are defined as injuries without 
any traumatic injury mechanism [16]. These inju-
ries are typically expressed by symptoms such as 
pain, swelling or restriction of joint movement. 
Overuse injuries are a frequent occurrence in 
football because of the specific movements 
required in this type of sports [12, 26, 34]. In con-
trast to severe traumatic injuries such as ruptures, 
fractures or dislocations that are associated with 
tissue damage, overuse injuries represent chroni-
cally developed tissue changes with a variety of 
symptoms. The main localisations of overuse 
complaints in football are [14, 38]:
 – Lower back
 – Sacroiliac joints
 – Os pubis
 – Patella and proximal ventral tibia
 – Achilles tendon
 – Sole of the foot
Fig. 34.1 Protection 
equipment for bone 
fractures of the hand and 
fingers to enable ‘stay 
and play’ on field (thank 
you to Hartmut Semsch/
Ortema)
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The problem with overuse injuries is that the 
origin of the symptoms is rarely known at the 
beginning [38]. Similar to traumatic injuries, 
severe and minor overuse complaints are also clas-
sified according to the time away from football 
[16]. In contrast to traumatic injuries, overuse 
complaints show the following characteristics:
 – Mainly no knowledge of the trigger situation
 – Only minor injury at the beginning
 – Moderate pain at the beginning
 – Only unspecific clinical diagnostics possible 
in most cases
 – Missing consecutive therapy
 – Partial disappearance of symptoms by use of 
painkillers
 – Mainly no time away from football after the 
start of the first symptom
 – Players trying to continue playing football by 
taking painkillers
 – Possible chronic aggravation of symptoms by 
continuation in football activity
A further problem of overuse complaints is 
moderate pain at the beginning, so that players 
try to ‘stay and play’ on field without any medical 
diagnostics and treatment, particularly in ama-
teur football. Aggravation of symptoms may 
result in more serious problems, such as muscles 
ruptures or tissue irritation of another body 
region. Typical examples are [14, 36]:
 1. Rupture of muscle fibres of the thigh after pre-
vious muscle strain
 2. Osteitis pubis after irritation of the adductor 
attachment
 3. Neurogenic muscle complaints in the thigh 
after long-term low back pain
 4. Jumpers’ knee after overstressing the quadri-
ceps muscle
An additional problem of overuse complaints 
is that continuous pain while playing football 
may have a negative influence on the neuromo-
torical adaptation and proprioception of the 
player. In the case of a previous minor and not 
fully healed injury of the same body site [18] or 
another body region [28], such negative influence 
may result in the occurrence of a severe joint 
injury of the lower extremities (ankle and knee) 
after jumping, landing and running movements. 
Unpublished data obtained from the ‘German 
ACL registry in football’ showed minor pre- 
injury as an influencing factor in one third of 
ACL injuries of football players. This high per-
centage indicates that insufficient recovery from 
minor injuries and persistent pain affect the neu-
romotorical adaption or trunk muscle strength of 
football players.
34.4  The Healing Process 
of Different Tissues
Symptom-adapted treatment of overuse and trau-
matic injuries in football requires detailed knowl-
edge on tissue regeneration and healing potentials. 
Different body sites have different types of tissue 
and thus vary in healing and regeneration but also 
in vulnerability after hits. To understand the heal-
ing processes of each body region after injury, the 
fundamental knowledge about tissue  regeneration 
Fact Box 2
 – Football is associated with specific 
minor traumatic and overuse injuries as 
a result of the sports-specific physical 
demands on the players in training ses-
sions, the surface of the football pitch, 
the weather and several other external 
factors.
 – Internal factors such as insufficient 
regeneration, inadequate preparation or 
previous and not fully healed injuries 
influence the incidence of injury.
 – The scientific literature comprises many 
respected publications on the treatment 
and return-to-play procedures after typi-
cal severe football injuries, while non- 
time- loss injuries are much less 
documented.
 – Standardised procedures for quick 
return-to-play within 1 week or ‘stay and 
play’ on field are essential in football.
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after injuries is essential for sports physicians to 
guide the injured player through the rehabilita-
tion process to a fast return-to-play. Physicians 
have to know that healing process of bone needs 
immobilisation of the broken body region and a 
certain axial compression to the fracture. Other 
tissues like tendons or muscles need also certain 
immobilisation, but in modern rehabilitation pro-
cedures, early functional mobilisation is the main 
aim of the treatment [8, 12, 13, 18, 20, 34, 36]. 
Tissue with fast healing potential within few days 
is cutis and subcutis. In contrast, other tissues 
like meniscus or articular cartilage have a delayed 
healing or regeneration potential, and in case of 
frequent stress on the tissue, meniscus and carti-
lage may show no regeneration potential after an 
injury.
The completion of the healing process—
which often takes a long time depending on the 
age of the football player, the gender and other 
health aspects—is not the most important aim of 
‘stay and play on field’ procedures. The healing 
process of different tissues also depends on the 
affected body site and the demands on this par-
ticular body region. Immediate- or short-term 
return-to-play after injuries, which is the main 
reason for ‘stay and play’, does not require full 
tissue regeneration. The ‘stay and play’ process 
only includes tissue regeneration in the following 
types of minor injuries:
 – Partial tissue damage (e.g. ligaments and 
muscles)
 – Tissue irritation (e.g. tendons and joint 
capsules)
 – Tissue inflammation (e.g. tendons and bursa)
In the case of complete tissue damage, contin-
uation of sports activity and ‘stay and play’ 
depends on the body region. For example, bone 
fractures or joint ligament injuries of the lower 
extremities are mainly not compatible with ‘stay 
and play’ in football. Injuries that may allow ‘stay 
and play’ are fractures and ruptures in the upper 
extremities, typically fractures of the wrist, hands 
and fingers of field players or the head after facial 
fractures. Wearing protective equipment on the 
face or hands is essential for ensuring ‘stay and 
play’ in such cases [29]. The team physician and 
physical therapist have to understand generally 
healing process of all tissues to know where the 
healing process may be expected within few days 
to allow ‘stay and play’ by specific treatment steps 
or to find alternative ways to protect the injured 
body region in a ‘stay and play’ decision.
34.5  ‘Stay and Play’ Procedures 
After Minor Injuries
After an overuse and traumatic injury, the treat-
ment process starts with adequate first aid on 
field. In this situation, adherence to the PRICE 
(protection, rest, ice, compression and elevation) 
rule by both medical and non-medical staff as 
well as suitable first aid equipment is essential for 
the initial treatment of any injury [27], which has 
to be adapted to the specific type of overuse or 
traumatic injury. For example, acute traumatic 
injuries of a joint of the lower extremities or a hit 
on the back require immediate cooling with ice 
and further PRICE steps. At the same time, over-
use complaints in these body regions, particularly 
muscular complaints, require heat therapy for tis-
sue relaxation and pain reduction. Choice of the 
Fact Box 3
 – Understanding the different recovery 
periods and injury types requires knowl-
edge on the healing process of the 
affected tissue. Complete ruptures of 
ligaments and tendons or bone fractures 
are associated with long recovery times 
and do not allow any ‘stay and play’ 
procedures.
 – Different body sites are subject to dif-
ferent ‘stay and play’ procedures.
 – The most common minor traumatic and 
overuse injuries in football are damages 
at the macroscopic and microscopic 
level or just irritations of the tissue. The 
healing process of such damages should 
be the focus of ‘stay and play’ proce-
dures in minor injuries.
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respective treatment option depends on the injury 
mechanism and the experience of the staff man-
aging first aid. Management of ‘stay and play’ 
procedures includes a series of treatments up to 
the time of return-to-play on field, which includes 
the complete medical staff and all team coaches 
(Table 34.4).
Important aspects for a stay and play proce-
dure is the experience in the handling with foot-
ball players. The body language is in general both 
for the team coach and the medical staff an impor-
tant aspect to recognise, how the players feel and 
if complaints are present. A second aspect with 
need for experience is the palpation of the players’ 
body. Palpation findings after injuries occur lead 
the medical staff to the right indication for further 
diagnostics, further treatment or the decision to 
proceed football playing. A special aspect after 
injuries is vegetative escalation of the player, 
which shows that players do not tolerate pain or 
the occurred injury. In this situation is a stop in 
playing football recommendable.
Treatment options for minor injuries and ‘stay 
and play’ procedures depend on the extent of 
medical service available in a football team. In 
professional football, medical teams include a 
physician, at least two physiotherapists, an osteo-
path, a rehabilitation coach and an athletic coach 
as well as several medical consultants for specific 
injuries. The ‘stay and play’ process after minor 
injuries is mainly managed by the team staff, and 
medical consultants are only called in for chronic 
or persistent problems involving a possible time 
away from football. Interaction among the differ-
ent members of the medical staff in a professional 
football team needs to be clearly defined with 
regard to the workflow after minor injury and the 
potential start of the ‘stay and play’ process. The 
diagnosis needs to be confirmed by the physician 
in cooperation with the physiotherapist followed 
by the required treatment depending on the type 
of injury and the medical setting:
‘Stay and play’ stage I: If a player sustains a 
hit, sprain or strain in a match, the medical staff 
on field have to analyse the body site and severity 
of the complaint. If movement and function of 
the affected extremity are normal and if the 
player is able to carry out a few football-specific 
movements without restriction, first aid on field 
may be completed so that the player can continue 
playing.
‘Stay and play’ stage II: If a player is limping, 
shows restricted joint movement or any other 
signs of injury that necessitates discontinuation 
in the match, the player has to be substituted and 
requires a full examination and diagnostics after 
the match. If pain reduction with or without any 
relevant therapy is possible after the match, the 
player has to be evaluated with regard to the pos-
sibility of immediate reintegration before the 
next training. If this short-term return-to-play is 
possible, different football-specific movements 
should be attempted on field before the next 
training.
‘Stay and play’ stage III: If the medical exam-
ination after the match shows that the injured 
player will be unable to participate in the next 
training session, detailed diagnostics should take 
place over the next few days, including imaging 
diagnostics. If a severe traumatic or overuse 
injury can be excluded, the injury has no conse-
quences even in the case of highly damaged tis-
sue because symptoms may be expected to abate 
after a few days. The player should undergo a 
treatment programme developed by the medical 
staff with the aim of reintegration into the next 
match. Parallel to medical treatment, the player 
should start a step-by-step reintegration to the 
training process. To achieve the aim of return-to- 
play until the next official match, reintegration 
into the last team training before the match is 
essential to test the skills and readiness of the 
player for competition.
The last team training should generally rep-
resent the situation for the team coach to test 
their players and evaluate the fitness level of 
the players. All long-term and short-term 
injured players should participate in at least in 
Table 34.4 Stay and play procedures in football
1. First aid on field [5, 6, 27, 32]
2. Interdisciplinary pain management [35]
3. Various conservative treatment options (medial staff) 
[31, 32, 36]
4. Rehabilitation strategies (physio) [3, 17]
5. Medical training therapy (athletic coach) [32, 36]
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the last team  training before competition to 
show their readiness and to evaluate any other 
problems. A direct return-to-play to the match 
without any team training evaluation should be 
avoided to protect the injured player for unex-
pected and dangerous situations. Only in pro-
fessional football may this situation occur, if 
time pressure and important matches are 
upcoming, but these situations should repre-
sent exceptional cases in a team.
In the case of a clear diagnosis or suspicion of 
a more severe injury, the player and medical staff 
have time for diagnostics over the next few days. 
In general, ‘stay and play’ procedures on field 
require medical staff [3, 17, 31], who are knowl-
edgeable and experienced in:
 – Individual characteristics of the different play-
ers of the team
 – Specific requirements of football players
 – Individual situation of the injured player 
within the team
 – First aid in sports injuries
 – Clinical diagnostics of sports injuries
 – Ultrasound diagnostics
 – Conservative treatments
 – Rehabilitation programmes
 – Reintegration training exercises
In modern football, professional teams have 
the capacity to manage all ‘stay and play’ pro-
cedures, which requires frequent and close 
communication between the different staff 
members of the medical team. In junior or ama-
teur football teams, only the team coach and 
sometimes the physiotherapist are present on 
the football field. In such situations, many steps 
of the ‘stay and play’ process have to be adapted 
by the physiotherapist or are not practicable at 
all at these levels of football. The success of 
each ‘stay and play’ procedure depends on the 
skill of the person providing the service. In 
amateur football, ‘stay and play’ after minor 
injuries is frequently not achieved, which 
results in symptom-adapted time-loss for one 
training session or match or even longer.
34.6  Symptomatic 
and Conservative Therapy 
After Minor Injuries
Conservative therapy consists of many different 
treatment strategies, which cannot be provided at 
the highest level by just one physician. To offer 
professional football players with the highest 
standard of conservative treatment, the medical 
staff have to handle basic treatments for a safe 
and sufficient ‘stay and play’ process on field that 
may be summarised in seven main groups of con-
servative treatment options with a selection of 
principle conservative treatment strategies.
34.6.1  Clinical Diagnostic and Manual 
Therapeutic Manoeuvres [11, 
14, 31–33, 36, 40]:
 – Chiropractic care  
 – Osteopathy
 – Trigger-point therapy
Fact Box 4
 – The success of ‘stay and play’ procedures 
after non-time-loss injuries requires 
highly experienced medical staff with a 
wide knowledge on football, conservative 
treatment options and pain management.
 – In the absence of any evidence-based 
guideline for first aid on field or other 
‘stay and play’ procedures, football 
medicine has to rely on the reports of 
experienced medical staff.
 – Based on these reports, further research 
with a higher evidence level is needed.
 – Interaction and close communication 
among the medical staff is essential for 
managing small football injuries.
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 – Fascial techniques and fascia distorsion model
 – Assisted stretching and mobilisation (Fig. 34.2)
 – Traction techniques (Fig. 34.3)
34.6.2  Oral Medication [22, 32, 35]:
 – Pain management
 – Antiphlogistic therapy
 – Supplements
 – Homeopathy
34.6.3  Invasive Treatment 
(Needles and Injections)  
[14, 19, 21, 22, 32]:
 – PRP/ACP
 – Natural blood products
 – Antiphlogistic and biologic substances
 – Dry needling
 – Analgesic substances
 – Acupuncture
34.6.4  Non-invasive Treatment [14, 
32, 36, 38, 40]:
 – Electrotherapy
 – Shock wave therapy
 – Ultrasound therapy
 – Magnetic therapy
 – Cold laser therapy





34.6.6  Tapes and Bandages [4, 11, 
30, 32]:
 – Elastic tapes (Fig. 34.4)
 – Classic tapes (Fig. 34.5
 – Elastic bandages
 – Medical flossing
 – Compression socks
Fig. 34.2 Mobilisation 
of the fibula and the 
tarsal (thank you to 
Klaus Eder/Eden-Reha)
Fig. 34.3 Traction technique on the lower extremity 
(thank you to Klaus Eder/Eden-Reha)
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34.6.7  Physical Therapy/Lymphatic 
Drainage/Physiotherapy [32, 36]
One of the most important steps of conservative 
treatment strategies is the exclusion of a surgical 
indication at the beginning of therapy and directly 
after completion of diagnostics. In today’s mod-
ern sports therapy, conservative therapy does not 
represent the first step of a healing attempt that—
if not successful—may be rectified by surgical 
treatment. On the contrary, conservative treat-
ment in modern football medicine is an indepen-
dent means of treating injuries successfully, 
particularly in the case of frequent minor injuries. 
Conservative treatment should start immediately 
after occurrence of injuries and before establish-
ment of the diagnosis. The different main groups 
of treatment options may either start in consecu-
tive order or may be combined and started 
together.
During clinical diagnostics, both the team 
physician and the physiotherapists should per-
form manual therapy to remove blockages, reset 
joints of the spine and the sacroiliac joints and 
down-regulate hypertension of the muscles. 
Initial clinical diagnostics and the first manual 
manoeuvres usually show the type of injury, thus 
determining the necessary treatment. The physio-
therapist and the team physician need to establish 
a working diagnosis to make sure they talk about 
the ‘same medical condition’. Treatment should 
start with oral medication followed by further 
manual techniques and injections or needling, if 
required. In the intervals between active treat-
ment phases, superficial unguents and tapes may 
passively support the medical treatment, if indi-
cated also overnight.
Intervals between active treatment phases 
depend on the specific injury and the expected 
time of return-to-play. Some treatment options 
may be repeated daily or sometimes several times 
per day, for instance, manual manoeuvres or 
stretching and taping techniques. Other treatment 
steps such as shock wave therapy or injections 
require a few days in between.
The scientific literature comprises many 
details on the indication or use of specific conser-
vative treatment options; however, little 
Fig. 34.5 Classic taping for different indications of ‘stay 
and play’: secondary prevention after ankle sprain and toe 
blister
Fig. 34.4 Elastic taping (kinesio taping) to address mus-
cular overuse complaints
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 information with low evidence is available on the 
combination of different therapeutic strategies to 
achieve early return-to- play, as expected in pro-
fessional football [29]. The medical staff of a 
football team should consider the combination of 
all indicated and practicable conservative treat-
ment options. Professional football clubs should 
ensure that their medical team is put together 
according to the practical skills and knowledge 
on football medicine of their individual staff 
members.
When treating professional athletes, physi-
cians should generally be very careful with regard 
to any type of treatment including injections and 
oral medications. Drugs and medications may be 
in conflict with the anti-doping list of the WADA, 
and prevention of such conflicts is one of the 
most important jobs of a team physician [10].
Irrespectively of the elected treatment, a 
detailed documentation of the complete injury 
history and the follow-up is essential.
34.7  Decisions on ‘Stay and Play’ 
Procedures
Minor injuries may result in relevant time away 
from football but may also be successfully man-
aged by medical staff as an injury without any 
time-loss. Minor injuries are defined as injuries 
without any time-loss that result in ‘stay and play 
on field’ procedures I, II or III (Chap. III).
34.7.1  Decision-Making on ‘Stay 
and Play’
Both the injured player and the medical staff have to 
differentiate between and decide on the different ‘stay 
and play’ stages. The following principles for the ‘stay 
and play’ process are reasonable (Table 34.5).
34.7.2  Time Line of the ‘Stay and 
Play’ Process
The ‘stay and play’ process may be defined by 
specific time points to provide a guideline for the 
player, team coach and the medical staff for a bet-
ter understanding of the principles. The classifica-
tion of the ‘stay and play’ process (Table 34.6) and 
the earliest possible return-to-play time point after 
injury without any time-loss is based on the clas-
sification of injury severity by Fuller et al. [16].
34.7.3  Testing for ‘Stay and Play’
The return-to-play process in modern football 
medicine is based on a sufficient number of tests, 
Fact Box 5
 – Symptomatic conservative treatment of 
minor football injuries resulting in ‘stay 
and play on field’ is based on the correct 
clinical diagnosis immediately after 
injury.
 – Correct diagnostics depend on the edu-
cation of the medical staff and their 
experience in football medicine.
 – Conservative treatment consists of many 
different options that have to be com-
bined by the medical staff to achieve 
early return-to-play.
 – The formation of a medical team in pro-
fessional football should be based on 
their different education and skills, 
while the scientific evidence is low
Table 34.5 Decision-making in ‘stay and play’ on field
‘Stay and play’ stage I: Player as the main decision-
maker to proceed the match
‘Stay and play’ stage II: Player as the main decision-
maker plus agreement by the medical staff
‘Stay and play’ stage III: Decision of the team coach 
after one team training test, readiness of the player plus 
agreement by the medical staff
Table 34.6: Time line in ‘stay and play’ decision
‘Stay and play’ stage I: No absence from football (no 
absence and no substitution in matches)
‘Stay and play’ stage II: 1–2 days absence from football 
(absence until next team training)
‘Stay and play’ stage III: Absence from football of 
<1 week (until next official match)
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in particular after severe injuries and long time 
away from sports [7, 17]. Minor injuries associ-
ated with only short or no absence from football 
require adequate medical examinations and tests 
to evaluate the healing process of the injury. 
Differences between ‘stay and play’ tests and 
return-to-play tests are naturally based on the 
respective affliction of the player. Typical tests 
regarding strength, endurance and psychological 
aspects that are essential after severe injuries 
such as ACL ruptures [7] are not necessary in 
‘stay and play’ evaluations. Minor injuries rather 
require evaluation of a pain-free situation and the 
ability to smoothly perform all football-specific 
movements on field. The most important step for 
assessing the readiness of a football player to par-
ticipate in the next competition is full integration 
into the last team training before the next match. 
In addition, players may be tested for specific 
neuromotorical exercises, especially during the 
‘stay and play’ procedure III (Table 34.7).
The authors of this chapter suggest the use of 
standardised tests for the ‘stay and play’ process 
that imitate typical football movements but also 
have sufficient comparability to return-to-play 
tests for severe injuries such as ACL ruptures [7]. 
‘Stay and play’ tests should compare differences 
between the injured and the healthy leg but—
even more importantly in professional football—
also consider pre-injury and pre-seasonal data.
34.8  Influencing Factors on ‘Stay 
and Play’ After Minor Injuries
34.8.1  Differences in Age and Skill 
Level
Minor injuries with the potential of ‘stay and play 
on field’ affect football players of all age groups 
and at all skill levels [26–28]. Medical support in 
football depends on the appropriate equipment on 
field and thus on the financial support provided. 
Beginning with adequate first aid equipment on 
field [27], all sectors of the ‘stay and play on field’ 
process require specific medication and medical 
devices as well as the knowledge and experience 
of the medical staff. These skills are more likely to 
be available in professional football teams than in 
amateur or junior football teams. There is less 
pressure to ‘stay and play’ in junior football 
because diagnostics and treatment of injured 
junior players should not be rushed to avoid fur-
ther or chronic complaints or complications.
34.8.2  Player Susceptibility to Injury 
and Injury Causation
Both the susceptibility to sustaining a traumatic 
injury or overuse complaint and pain perception 
tend to vary widely among football players. 
Some players may ‘stay and play’ on field after 
sustaining a minor injury, while other players 
with a similar complaint leave the pitch and want 
a break from football. Team coaches and medical 
staff have to know and understand the character 
of their players to be able to support them in dif-
Table 34.7 Selection of Return-to-play testings after minor 
injuries
1. Jumping and landing tests (drop jump and side hop)
2. Balancing tests (balance board)
3. Agility tests (different complex running exercises 
with side- and backwards runs and rotational 
movements)
Fact Box 6
 – The decision on ‘stay and play’ proce-
dures requires experienced medical staff 
and adequate tests.
 – The decision on possible early return- 
to- play necessitates close communica-
tion and trust between the injured player, 
the medical staff and the team coach.
 – The two pillars of ‘stay and play’ after 
minor injuries are coexistence of con-
servative treatment and reintegration 
into individual and team training.
 – The last step of a short-term return-to- 
play process is reintegration into team 
training, at least into the last team train-
ing before the next match.
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ferent injury situations. The time point of an 
injury in the football season may also influence 
return-to-play decisions. Injuries sustained 
directly before the winter break less frequently 
involve ‘stay and play’ or the potential risk of 
returning to play as quickly as possible. In con-
trast, minor injuries at the end of the season or 
before a final cup match are typical situations 
leading to extended ‘stay and play’ decisions in 
several types of injury.
34.9  Specific Steps of the ‘Stay 
and Play’ Process After 
Minor Football Injuries
Apart from the main aim of ‘stay and play’ after 
injury, it is also important for players that minor 
injuries do not result in other problems such as:
→ Becoming chronic complaints
→ Developing into an injury with tissue dam-
age of the same body site
→ Developing into an injury affecting another 
body region
‘Stay and play’ after football injuries includes 
injury-specific aspects, which are unique for each 
specific injury.
34.9.1  Ankle Sprains
First aid and joint protection until diagnosis; 
ankle tapes to improve the return-to-play process 
[4]; understanding of the healing potential of the 
ligament, no trivialisation; knowing the risk of 
chronic instability and relevance of preventive 
neuromotorical exercises.
34.9.2  Muscle Strains and Contusion
Detailed diagnosis of the injury structure or func-
tional disturbance of the muscle [32, 36]; detection 
of haematoma; first aid and physiotherapy, symp-
tomatic therapy and functional training [3, 42].
34.9.3  Bone Contusion
Immediate clinical exclusion of a fracture; pain 
management and protection (equipment) against 
recurrent contusion.
34.9.4  Head Contusion (and Cervical 
Sprains)
The concussion return-to-play protocol and other 
protocols for specific head injuries provide guide-
lines for all types of head injuries; cervical spine 
protection after head injury and facial masks 
(Fig. 34.6) [15, 37].
Fact Box 7
 – To achieve ‘stay and play’ after minor 
injuries depends on various factors.
 – The main influencing factors for suc-
cessful ‘stay and play on field’ and quick 
return-to-play after minor injuries are 
the susceptibility and willingness of the 
injured player, the decision by the team 
coach, experienced medical staff and 
appropriate medical equipment, the 
time of injury in the football season and 
financial pressure.
Fig. 34.6 Anatomical 
facial masks for ‘stay 
and play’ on football 
field and the protection 
of recurrent facial 
injuries (thank you to 
Hartmut Semsch/
Ortema)
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34.9.5  Skin Lesions and Lacerations
Consideration of affected body site and the heal-
ing potential; water permeability of skin and pro-
tection plaster.
34.9.6  Low Back Pain
Exclusion of neurological or structural damage 
by clinical examination; physical therapy and 
pain management.
34.9.7  Groin Pain
Adjoining symptoms on proximate body sites; 
exclusion of hernia or urologic problems and 
adduction test of the hip as recommended return- 
to- play and ‘stay and play’ test [23].
34.9.8  Ingrown Toenails
Complete analgesia for the ‘stay and play’ deci-
sion; short-term plan to reduce pain and inflam-
mation; midterm plan to ‘stay and play’ but 
planning definite treatment (e.g. surgery) and 
healing process in the summer or winter break of 
the season.
34.9.9  Foot Blisters
Early detection of blisters on the foot; sterile 
puncture to reduce pressure and pain; taping or 
blister plaster; analgesia for the ‘stay and play’ 
decision; prevention of further blisters by wear-
ing adequate shoes and podiatry (Fig. 34.7).
34.9.10  Fractures of the Phalanxes
Immediate splinting and protection in case of a 
suspected fracture; phalanx fractures of the foot 
less often result in ‘stay and play’ because of the 
pain during running; phalanx fractures of the 
hand may only negatively affect goalkeepers and 
after treatment decision (conservative or surgi-
cal), wearing of protection equipment to achieve 
a safe ‘stay and play’ process. Wearing of appro-
priate equipment to protect the fracture of the 
phalanx, but endangering opponent players 
should be avoided.
Fact Box 8
 – Typical football injuries with a high 
incidence but low evidence of success-
ful treatment and early return-to-play 
are ankle sprains, muscle strains, bone 
contusion, head contusion, skin lacera-
tions and pain syndrome of the back and 
groin. Treatments and early return-to- 
play after such injuries need to be 
addressed in more detail in future 
research.
 – Other typical medical problems in foot-
ball such as ingrown toenails, foot blis-
ters and muscle cramps are frequently 
trivialised but may be sufficiently man-
aged by the medical staff. 
Fig. 34.7 Foot blister 
on the toe after wearing 
new shoes—‘stay and 
play’ procedure by 
taping the affected toe
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34.10  Exemplary Cases of ‘Stay and 
play’ to Achieve a Non-time- 
loss Injury
This section should illustrate in two common 
injury types, how conservative treatment strate-
gies are developed in specific steps and with spe-
cific staff and equipment, but also how many 
different approaches are available to treat suc-
cessfully such sports injuries.
34.10.1  Ankle Sprain
Ankle sprains are a frequent occurrence in foot-
ball, but adequate ‘stay and play’ procedures on 
field are only practicable in professional football. 
Several steps are essential for achieving an imme-
diate and pain-free situation after an acute injury 
situation [11]:
 1. First aid on field:
• PRICE and pain management
 2. Return-to-structure phase: On field
• Body language
• Recognise the tissue perturbation of the 
continuum of the injured body region
• Immediate procedure directly on field con-
ducted by the physiotherapist or physician
• Correction of trigger bands and continuum 
disturbance by manual techniques with 
pressure and traction manipulation
• Local pain management (lotion or 
cryotherapy)
 3. Return-to-function phase: Outside the field
• Setting of the ankle joint
• Mobilisation of the proximate joints
• Elastic taping
• Checking the arthro-ligamentary function 
of the muscular synergists and the hyper-
function of the antagonists (reciprocal)
• Myofascial techniques
• Immediate break from football in the case 
of vegetative symptoms
 4. Protection of the structures for the healing 
process:
• Taping and protection equipment
 5. Stay and Play
Successful ‘stay and play’ processes require 
further diagnostics and treatment directly after 
the match, beginning with first aid on field and 
PRICE. Quick return-to-play until the next match 
(‘stay and play’ III) may necessitate one of the 
following treatment options within the next few 
days [11]:
• Osteopathy
• Activation of auto-reparative mechanism by 
continuous passive motion, biofeedback and 
isokinetics
• Antagonistic inhibition (reciprocal); PFN and 
avoidance of overuse of the injured body 
region
• Return-to-play tests in a rehabilitation setting: 
Isokinetics and EMG
• Return-to-play decision after functional tests, 
clinical tests, athletic tests and a last team 
training before competition
• Besides objective parameters, subjective 
parameters such as feeling comfortable or 
analgesia are essential for the decision on 
‘stay and play’ on field
Apart from ankle sprains, muscle strains of 
the thigh also represent a frequent type of injury 
associated with an indication for ‘stay and play’ 
procedures. Similar to the interdisciplinary and 
multifaceted approach to treating ankle sprains, 
muscle strains are also subject to different treat-
ment strategies.
34.10.2  Muscle Injury
Muscular injuries occur frequently in amateur 
and professional football [26]. Different types of 
conservative treatment strategies are published in 
the literature and show the multifaceted approach 
to these injuries (Table 34.8).
Take-Home Message
‘Stay and play on field’ procedures after minor 
injuries are subject to different factors and require 
highly experienced medical staff. Scientific evi-
dence on this topic has been rather low. The dif-
ferent types of conservative treatment available 
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for such injuries should be further investigated in 
the future. This article illustrates in detail why 
minor injuries require adequate treatment and 
safe return-to-play and how these goals may be 
achieved.
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35.1  Introduction
Football is one of the most popular sports world-
wide [1]. Hundred millions of people play recre-
ational or professional football [1]. It is known 
that playing football is associated with a high 
injury risk, and the injury patterns were already 
analysed in many studies [2–8]. Overall, it was 
shown that independent of the skill level espe-
cially the lower extremities, in particular the knee 
joint, are affected by injury [3–5, 9]. Own unpub-
lished data concerning the end of career of profes-
sional football players of the first and second 
German football league has shown that around 
65% of the football players had to stop playing 
due to career ending injuries. A further differen-
tiation of these data revealed that around 60% of 
these players had to retire because of serious knee 
joint injuries. These career stops were caused by 
osteoarthritis in almost 70% of the players.
So the early knowledge of osteoarthritis risk fac-
tors, as well as the appropriate treatment, guidance 
and rehabilitation of the football player are crucial 
for a safe return to sport with no or only minor risk 
for advanced osteoarthritis in the long term.
35.2  Cartilage Injury
A decisive factor to ensure a suitable treatment of 
any disease/injury is its clear definition. In terms 
of cartilage injuries, the chondral or  osteochondral 
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defect has to be defined as a focal, non- 
degenerative, traumatic lesion, as a focal early 
osteoarthritis defector or as a degenerative lesion 
at different stages (including diffuse early osteo-
arthritis and advanced osteoarthritis).
While focal, non-degenerative lesions can 
successfully be treated by regenerative 
approaches like microfracturing (MFx), osteo-
chondral autograft transfer (OAT) or autologous 
chondrocyte implantation (ACI), the treatment of 
degenerative defects remains challenging [10].
Concerning the surgical management, carti-
lage repair in focal, traumatic lesions and the 
return to play following cartilage injuries, the 
authors refer to Chap. 41 “Return to play follow-
ing cartilage injuries”, Chap. 42 “Surgical man-
agement of articular cartilage in football players” 
and Chap. 43 “Advanced techniques of cartilage 
repair in football players”.
35.3  Osteoarthritis
The status of osteoarthritis is defined by the 
Osteoarthritis Research Society International 
(OARSI) as:
… a disorder involving movable joints character-
ized by cell stress and extracellular matrix degra-
dation initiated by micro- and macro-injury that 
activates maladaptive repair responses including 
pro-inflammatory pathways of innate immunity. 
The disease manifests first as a molecular derange-
ment (abnormal joint tissue metabolism) followed 
by anatomic, and/or physiologic derangements 
(characterized by cartilage degradation, bone 
remodeling, osteophyte formation, joint inflamma-
tion and loss of normal joint function), that can 
culminate in illness [11].
In summary, the development of osteoarthritis 
is a multistep process. It is initiated by a direct 
cartilage trauma and/or by recurrent microtrauma 
based on joint destabilizing injuries. These trau-
matic insults are accompanied first with a 
derangement of the micro-environment before a 
macroscopic progression is replicable. Regarding 
current treatment options, the extent of the degen-
erative changes of the articular cartilage remains 
nowadays the deciding factor. In this context, the 
status of a focal early osteoarthritis is to differen-
tiate from diffuse early osteoarthritis as well as 
advanced osteoarthritis, in order to define the 
period with remaining regenerative potential of 
the articular cartilage [12].
35.4  Early Osteoarthritis
According to the current literature, the status of 
early osteoarthritis in comparison to the advanced 
osteoarthritis is mainly characterized by its partly 
regenerative qualities.
However, a clear definition of this regenera-
tive status is challenging. While advanced osteo-
arthritis is easily described by clear signs, i.e. its 
history, clinical symptoms and the associated 
radiographic abnormalities, in the early phase of 
the degenerative process, these characteristics 
are often limited and sporadically present [12, 
13]. The extent of the degenerative process is 
limited on a tissue-related phenomena leading to 
a loss of joint homeostasis and consecutively to 
an established osteoarthritis [13]. Additionally 
the affected population is different. In contrast to 
the advanced osteoarthritis, early osteoarthritis 
is already seen in a high amount of young, sport-
ive people [12, 14], which underlines the urgency 
to come up with a consensus on definition 
criteria.
Because of these multiple factors related to 
early osteoarthritis, isolated clinical and radio-
graphical scores fail to define this period of 
degeneration. Therefore Luyten et al. described 
criteria including different diagnostic tools (pain 
history, standard radiographs, arthroscopy or 
MRI) that are fulfilled by patients having early 
osteoarthritis [12, 13].
However, the most informative classifica-
tion for early osteoarthritis links up with the 
arthroscopic evaluation due to its direct 
 correlation with the different treatment strate-
gies. Based on the arthroscopical differentia-
tion by Luyten et al. and typical clinical 
findings, Madry et al. divided the arthroscopic 
classification for early osteoarthritis in two 
parts: a peri-lesional centred, focal early osteo-
arthritis and a diffuse early osteoarthritis [12] 
(Fig. 35.1).
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In case of focal early osteoarthritis, a regen-
erative potential can be observed. Therefore, the 
articular surface has to be analysed separately, 
and any injured area has to be classified accord-
ing to the ICRS scoring system (grades 1–4) 
(www.cartilage.org/_files/contentmanagment/
ICRS_evaluation.pdf). In contrast to traumatic, 
focal lesions, the defect edges are mainly 
rounded. The surrounding peri-lesional degener-
ation area (characterized by softening, swelling 
as well as fibrillation of the cartilage surface) has 
to be staged and graded according to the histo-
morphometrical OARSI criteria as long as lesions 
are not deeper than ICRS stage 2. Any further 
defect (ICRS stage > 2) has to be included into 
the main defect as long as it touches the defect 
area. Otherwise, it has to be assessed separately. 
Knowing the influential effect of additional carti-
lage lesions, defects on the opposite surface as 
well as in the other compartments have to be 
included in the staging analysis (see table “focal 
early osteoarthritis”).
In contrast to the peri-lesional centred, focal 
early osteoarthritis, focal lesions are missing in 
the diffuse early osteoarthritis, and this degenera-
tion area extends to a minimum of two compart-
ments. According to the QARSI criteria, diffuse 
cartilage injury needs to be limited to ICRS 
stage ≤ 2, because progressed degeneration (ICRS 
stage 3/4) corresponds to advanced osteoarthritis 
[15] (see table “diffuse early osteoarthritis”). Due 
to the defect morphology and extension within the 
joint, regenerative potential in diffuse early osteo-
arthritis is strongly reduced, so that regenerative 
treatment approaches are not indicated [16]. The 
treatment as well as the recommendation to return 
to sport correspond to the advices of advanced 
osteoarthritis (Figs. 35.2 and 35.3).
35.4.1  Treatment
In order to find the best treatment option, it is impor-
tant to know more about etiopathology as well as 
injury mechanisms. Comorbidities and risk factors 
have to be requested, too. Dependant on that, surgi-
cal and non-surgical options can be applied.
35.4.1.1  Non-operative Treatment
The non-operative treatment strategies include 
the patient’s physical profile as well as functional 
Fact Box 1
Early osteoarthritis has to be differentiated 
in focal early osteoarthritis and diffuse 
early osteoarthritis.
a b
Fig. 35.1 Focal early osteoarthritis defects. (a) 
Arthroscopical view on a femoral condyle with a focal 
degenerative lesion with rounded edges as well as swell-
ing and fibrillation of the surrounding cartilage; (b) direct 
view on a focal degenerative defect after arthrotomy 
before matrix-assisted autologous chondrocyte implanta-
tion is performed
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and pharmacological treatment approaches, such 
as weight management, physical therapy, NSAID 
(non-steroidal anti-inflammatory drug) applica-
tion and injection therapy [17–19].
Weight Management
Obesity is one of the most important and modifi-
able risk factors for the development of degenera-
tive joint diseases [19]. Adaption of BMI to an 
adequate level is one of the most important non- 
surgical treatment options. Reduced body weight 
leads to reduced joint loads and, therefore, has a 
crucial influence on the quality of articular carti-
lage [12, 18, 20].
Physical Therapy
Physical therapy should be individualized after 
patient assessment [19]. In general, clinical 
guidelines recommend land- and water-based 
exercises as well as strength training in order to 
reduce adhesions, to improve the range of motion 
(ROM) and to strengthen the joint-encompassing 
musculature. It is proven that these kinds of pas-
sive and active exercises can interject the inflam-
matory cycle that is associated with the 
progression of osteoarthritis [18, 19].
Concerning the knee joint, knowing ROM is 
known as a key factor in muscular weakness and 
to impact on the joint function. Therefore joint 





2 > 25 % to ≤ 50%
3 > 50 % to ≤ 75%
4 > 75%
Grade
A Stages 1-4 with additional cartilage degeneration (ICRS 1/ 2)
- same compartment
- contralateral joint surface
B Stages 1-4 with additional cartilage degeneration (ICRS 1/ 2)
- other compartment
C Stages 1-4 with additional cartilage degeneration (ICRS 3/ 4)
- same compartment
- contralateral joint surface
D Stages 1-4 with additional cartilage degeneration (ICRS 3/ 4)
- other compartment
Fig. 35.2 Classification 
of focal early 
osteoarthritis according 





3 ICRS 3 (probably advanced osteoarthritis)
4 ICRS 4 (probably advanced osteoarthritis)
Stage
A - degeneration ≤ 25% of the main compartment
- two joint compartments are involved
B - degeneration > 25 % to ≤ 50%of the main compartment
- two joint compartments involved
C - degeneration > 50 % to ≤ 75%of the main compartment
- two joint compartments are involved
D - degeneration > 75% of the main compartment
- two joint compartments are involved
E - three joint compartments are involved independent of stage
Fig. 35.3 Classification 
of diffuse early 
osteoarthritis according 
to Madry et al. [12]
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capsule extensibility as well as quadriceps, ham-
strings, hip flexor, gastrocnemius and soleus 
muscle length changes have to be addressed by 
physical therapy [18, 19].
Furthermore, knee extensors and hip abduc-
tors muscles are recommended to be strength-
ened to reduce pain and improve function in 
osteoarthritic changed knee joints [18].
Overall, supervised group and supervised 
individual training is estimated to be superior to 
independent home exercise [19].
Pharmacological Therapy
The application of painkillers, such as NSAIDs or 
paracetamol, on an oral or topical way is limited 
to a symptom-based effect. In contrast to the 
above-mentioned approaches, any direct influ-
ence on the progress of degenerative changes 
remains unknown [19]. According to the adverse 
drug reactions of an oral application, topical 
application has to be taken into account since its 
therapeutic effect is known to be comparable to 
the oral application [21]. However, the current lit-
erature shows a persisting high abuse of painkill-
ers in football [22, 23]. A dramatic finding in this 
field is the fact that even in youth football players 
the use of painkillers is already widespread [24].
Injection Therapy
Although the actual injection therapy seems to 
have a growing market in the context of osteoar-
thritis therapy, its use is still limited to a symptom- 
based effect.
Currently, there are mainly two agents used in 
clinical practice: corticosteroids and hyaluronic 
acid. Which substance is injected is based on the 
present symptoms. Whereas corticosteroids are 
advocated for the therapy of active synovitis and 
effusion, hyaluronic acid is considered to be the 
first-line treatment if effusion is missing and the 
symptoms persist [18, 21]. Concerning pain relief 
hyaluronic acid seems to have the potential to 
provide longer durations of relief [18]. However, 
the beneficial effect of hyaluronic acid is evalu-
ated to be uncertain according to the OARSI 
guidelines [25]. Furthermore, frequently repeated 
injections can result in joint damage as well as 
increase the risk for infection [19].
In contrast to the established corticosteroids 
and hyaluronic acid, recently developed blood- 
derived injectables, such as platelet-rich plasma 
(PRP), are presumed to act on a bioactive level 
and to lead to positive effects both at a cartilage 
level and on the entire joint homeostasis [18]. 
Nevertheless, there is still no evidence for its 
superiority in the current literature [18].
35.4.1.2  Operative Treatment
Cartilage Therapy
Cartilage therapy plays a key role in the opera-
tive treatment of focal, traumatic lesions as well 
as focal early osteoarthritis. Initially, regenera-
tive cartilage therapy was limited to traumatic, 
focal cartilage defects and contraindicated for 
degenerative defects. However, different studies 
investigated that up to 60% of the treated lesions 
were evaluated to already be considered degen-
erative at the time of therapy [16, 26]. Overall, 
regenerative cartilage therapy of traumatic focal 
lesions as well as focal early osteoarthritis 
defects shows promising results. The failure rate 
after regenerative therapy with matrix-assisted 
autologous chondrocyte implantation is 
described to be 13.9%. In comparison, the fail-
ure rate in chondral defects with isolated trau-
matic origin is 6% [16, 27].
Chondral and osteochondral injuries occur 
frequently in football players because of primary 
joint impact and secondary soft tissue injuries 
resulting in joint instability [18]. Untreated, these 
defects increase the risk of developing advanced 
OA compared to the general population [28]. It is 
well known that these articular cartilage lesions 
show no spontaneously endogenous healing 
potential. So, it is crucial to use treatment 
approaches to effectively and durably restore the 
joint surface and thus reduce the risk of progres-
sion of joint degeneration and enable the athlete 
to return to sport [18].
Many techniques are already described to 
enable the athletes to return to high-impact 
sports. The surgical management of articular car-
tilage in football players and the strategies to 
return to play following cartilage injuries are 
described in detail in Chap. 41 “Return to play 
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following cartilage injuries” and Chap. 42 
“Surgical management of articular cartilage in 
football players”.
Microfracture represents the most frequently 
used treatment approach in clinical practice [16, 
18]. This technique enables the athletes to early 
return to activity. A return rate of 66% at a mean 
time of 8 months after surgery is reported [29]. 
Despite short term benefits, this technique fails to 
provide promising long-lasting results, probably 
caused by the inferior mechanical properties of 
the fibrous cartilaginous tissue [16, 18, 30].
Osteochondral transplantation, also known as 
mosaicplasty, is an alternative treatment approach 
for small osteochondral lesions [16]. The current 
literature shows good results with the highest 
ratio of return to sport with a return rate of 91% 
within a mean time of 7 months [29]. However, 
because of donor-site morbidity as well as weak 
outcomes after the use of more plugs, this tech-
nique is critical to discuss for the use in major 
sized osteochondral defects in active soccer play-
ers and thus should just be indicated for small 
lesions [18, 31].
Autologous chondrocyte implantation as well 
as matrix-assisted techniques allows the treat-
ment of major sized cartilage defects with good 
and long-lasting results in athletes [16, 18]. 
Almost 68% of athletes treated by autologous 
chondrocyte implantation returned to sport at a 
mean time of 18 months. However, frequent 
reverse events were reported [29]. So, the initial 
limits of the autologous chondrocyte implanta-
tion were improved by the matrix-assisted tech-
niques [18]. Also in the group of high-level 
athletes, a rate of 86% returned to competition 
within 1 year, and good results are documented 
over time [18, 30].
However, these results were mainly reported 
for traumatic lesions in young athletes. Studies 
focusing on return to sport in early osteoarthritis 
are still missing. According to the literature there 
are many factors influencing the ability to return 
to sport after cartilage therapy: age, longer dura-
tion of symptoms and chronic lesions with radio-
graphic signs of degeneration [29]. Since these 
factors were frequently found in early osteoar-
thritis patients and weak results are documented 
in progressed degenerative cases, further studies 
have to evaluate the outcome of those techniques 
in early osteoarthritis patients [18, 32].
Treatment approaches specialised for focal 
early osteoarthritis and respecting the altered 
joint environment as well as the cartilage and 
subchondral bone unit are still in a preliminary 
stage.
Independent of the chosen surgical strategy, an 
appropriate postoperative rehabilitation programme 
is a crucial factor for the outcome [18]. It is known 
to enhance cartilage repair and maturation and addi-
tionally improves the functional outcome and also 
prevents the risk of re-injury [18, 33].
Meniscus Therapy
Meniscal injuries are among the most frequently 
soft tissue injuries within the knee joint. Loss of 
meniscal continuity is an essential factor in the 
development and progression of degenerative 
changes within the knee joint. Thus, the appropri-
ate therapy is crucial for the athlete’s career. The 
correct choice of treatment options and return to 
play following meniscal injuries is described in 
detail in Chap. 40 “Return to play following 
meniscus injuries”.
Regarding the predisposing role of meniscal 
lesions in the development of early osteoarthritis 
and its progression towards advanced osteoarthri-
tis, in the treatment of meniscal lesions, there is a 
consensus to preserve as much meniscal tissue as 
possible. So, the first line of choice in the treat-
ment of meniscal injuries has shifted from partial 
meniscectomies to meniscal repair, whenever 
feasible [34] (Fig. 35.4).
Even if partial meniscectomy means a faster 
recovery time for the athlete, in case of existing 
early osteoarthritis a regenerative approach is 
recommended with respect to the meniscal lesion.
Regenerative approaches are the meniscal 
suturing and the use of meniscal scaffolds. If 
there is no indication for meniscal repair, the use 
of meniscal allograft transplantation in symptom-
atic patients, who had a previous subtotal/total 
meniscectomy, remains an alternative reparative 
strategy [18].
The outcome after meniscal suturing over 
time shows a success rate above 85% concerning 
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relief of symptoms and function [18, 35]. In the 
group of competitive football players, a return to 
play rate of 90% to the pre-injury competition 
level after recovering from surgery is described 
[18, 36].
Meniscal scaffolds are an alternative treat-
ment option in patients with a symptomatic 
partial meniscal lesion in whom meniscal 
suturing is not indicated [18]. Nowadays, there 
are two scaffolds available in clinical practice 
that can be implanted arthroscopically 
(Fig. 35.5):
 – Collagen scaffold (CMI, Collagen Meniscus 
Implant, CMI-Ivy Sports Medicine GmbH, 
Germany)
 – Polyurethane scaffold (Actifit, Orteq, UK)
Overall, good results with a low cumulative fail-
ure rate are reported for both scaffolds [38]. The cur-
rent literature supports the use of these scaffolds 
following previous meniscectomy [39]. However, 
there is no evidence for an implantation in acute 
meniscal injuries that would especially be relevant to 
patients with already apparent early osteoarthritis.
a b
Fig. 35.4 Luxated bucket handle tear and meniscus 
suture. (a) Arthroscopical view on a luxated bucket han-
dle tear; (b) refixation of the bucket handle tear by one 
all-inside suture for the posterior horn and two outside- 
inside meniscus sutures for the pars intermedia
a b
Fig. 35.5 Meniscus defect and defect filling with an arti-
ficial meniscus supplement. (a) Arthroscopical view on a 
subtotal meniscus defect with a stable rim and the menis-
cus basis; (b) filling of the meniscus defect with an artifi-
cial meniscus supplement and fixation of the meniscal 
scaffold by suturing (Images taken from [37])
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Meniscal allografts are indicated for symp-
tomatic patients after total/subtotal meniscec-
tomy [18]. Long-term results show a significant 
improvement in pain relief and functional out-
comes [40]. Furthermore, mid-term results report 
a 75% return to play rate in professional football 
players after meniscal allograft implantation 
when considering the pre-injury level [41]. 
Although meniscal allografts are associated with 
a poor outcome in advanced osteoarthritis, posi-
tive results at earlier stages of degenerative joint 
changes as the early osteoarthritis are docu-
mented [18].
ACL Therapy
ACL injuries result in an increased anteroposte-
rior translation between the femur and tibia, con-
secutively causing enhanced shear forces on the 
articular surface and following predisposing to 
the development of degenerative changes. The 
treatment and return to sport after ACL injuries 
are extensively described in Chap. 37.
If instability impairs the football player, ACL 
reconstruction is indicated to restore the normal 
knee joint kinematics. Therefor different grafts 
(autograft vs. allograft) from different locations 
(hamstrings, quadriceps tendon, bone patella, ten-
don bone) are used in clinical practice. All these 
operative treatment approaches are accompanied 
with a high rate of return to sports, even to return 
to competition [18], as long as they are performed 
before the development of degenerative changes.
However, even with reconstruction of the 
ACL, an impairment of proprioception and bal-
ance due to changed strength and neuromuscular 
pattern remains, which is accompanied by an 
increased risk of re-injury [42] and which further 
influences the progress of degenerative changes.
Alignment Therapy
A deviation of the normal loading axis leads to an 
increased loading pressure within the particular 
joint compartment. The shift of the axis accord-
ing to a valgus or varus deviation defines whether 
the lateral or medial compartment is affected. 
Based on an increased loading during sportive 
activity, the valgus/varus deviation predisposes 
for the progress of degenerative changes after any 
previously occurred joint injury. Furthermore, 
repair strategies after joint injury have to include 
any axis deviation because of the fact that the 
increased loading force negatively influences and 
risks the regenerative approach.
In recent years, osteotomies, such as the prox-
imal tibial or distal femoral osteotomy for the 
knee joint, developed to a routine strategy to 
reduce the load of symptomatic degenerative 
joint compartments. However, for the treatment 
success an intact contralateral joint compartment 
is required [18].
Overall, the clinical outcome is good. Most of 
the affected patients are able to maintain or even 
improve their sport activities and return to soccer 
after having realignment procedures [43, 44].
35.4.2  Return to Sport in Early 
Osteoarthritis: Authors’ 
Recommendation
The early osteoarthritis staging is the key factor 
in the treatment of osteoarthritis. Based on the 
preserved regenerative potential according to the 
injury patterns, different treatment strategies 
exist. According to the current literature, there 
are no explicit studies concerning the return to 
play of football players with early osteoarthritis.
However, regarding the current literature, a 
high number of regenerative treated cartilage 
lesions have to be assessed as early osteoarthritic 
defects [16, 26].So, recommendations concern-
ing return to sport have to be deduced from avail-
able data until now.
The crucial questions for the consultation of 
the athletes are:
 – Is any regeneration of the cartilage defect 
achievable?
 – Is any restoration of the causing problem 
achievable?
 – Does the athlete’s level justify a return to com-
petitive football even if the causative problem 
was not solved sufficiently?
In case of a successful cartilage treatment and 
no further existing concomitant osteoarthritis 
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promoting injuries, like meniscal lesions, joint 
instability or malalignment, a return to sport and 
return to competition can be recommended after 
an appropriate rehabilitation programme. A neu-
romuscular testing according to Chap. 9 and 
meeting the validated physiotherapy discharge 
criteria are recommended before return to high- 
level sports. However, the athletes have to be 
informed about the potential re-injury risks and 
the lack of scientific literature on cartilage repair 
in early osteoarthritis for elite sports.
If there are concomitant pathologies beside 
the cartilage defect, it has to be evaluated if a 
regenerative approach is achievable. If a regen-
erative treatment strategy (e.g. meniscal suturing 
or realignment) is successful, a return to sport 
and return to competition analogous to isolated 
early osteoarthritis cartilage defects can be 
recommended.
In cases of an incomplete recovering of the 
injured joint (e.g. after partial meniscectomy or 
known increased risk for degenerative changes 
progression following a procedure as seen after 
ACL reconstruction), the return to sport depends 
on the pre-injury level (recreational football 
player or professional football player). 
Recreational football players have to be advised 
against returning to competition and even return-
ing to high joint demanding sports, like for exam-
ple downhill skiing, tennis, squash or badminton. 
However, low joint-straining sports, such as 
cycling, swimming or trekking, have to be 
recommended.
In contrast, in professional football players, 
the professional career has to be considered. 
From a scientific point of view, the current litera-
ture lacks data on the return to competition of 
professional football players having a regenera-
tive therapy of early osteoarthritic cartilage 
lesions and ACL repair or even partial meniscec-
tomy. From a clinical point of view (adding the 
risk of osteoarthritis after ACL reconstruction 
and/or partial meniscectomy together with the 
longevity of cartilage repair products), a return to 
competition should not be recommended. If the 
professional player decides to return to high-level 
soccer and competition, a realistic overview con-
cerning the risk of advanced osteoarthritis includ-
ing persistent pain, effusion and functional 
impairment is recommended. Furthermore, con-
tinuous check-ups and an intensive rehabilitation 
programme for neuromuscular joint stabilization 
have to be offered.
35.5  Advanced Osteoarthritis
35.5.1  Definition
Within the process of joint degeneration, 
advanced osteoarthritis as a final status succeeds 
the status of early osteoarthritis. From a clinical 
point of view, the advanced osteoarthritis, similar 
to status of diffuse early osteoarthritis before, is 
characterized by the loss of regenerative potential 
as well as a significant progress of symptoms and 
functional impairments.
35.5.2  Treatment
35.5.2.1  Conservative Treatment
Conservative treatment options of the advanced 
osteoarthritis conform to the conservative treat-
ment options of the early osteoarthritis. The main 
goal is both the relief of symptoms and the func-
tional preservation and improvement during the 
process of joint degeneration.
35.5.2.2  Operative Treatment
The operative treatment strategies of the advanced 
osteoarthritis encompass the realignment as well as 
the unicompartmental and total joint replacement.
Alignment Therapy
Similar to the alignment therapy in early osteoar-
thritis, the osteotomy in advanced osteoarthritis 
is performed to unload the medial or lateral com-
partment in athletes having an unicompartmental 
osteoarthritis in combination with a valgus or 
varus axis deviation.
Fact Box 2
Advanced osteoarthritis allows no regener-
ative therapy.
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While this therapy option enables regenerative 
therapy in patients with unicompartmental 
(osteo-) chondral defects in an early osteoarthri-
tis status, realignment is just a symptomatic ther-
apy in advanced osteoarthritis due to the lost 
regenerative potential. Its aim is to relief the 
symptoms, such as pain and functional impair-
ment, and to slow down the progress of degenera-
tion within the affected compartment [45, 46]. 
So, according to the current literature, the time 
until a conversion to joint replacement becomes 
necessary can be prolonged up to an average time 
of 9.7 years [46].
Therefore, the osteotomy is appropriate espe-
cially for younger patients accepting a slight 
decrease in their physical activity and a longer 
rehabilitation period in compare to a joint replac-
ing approach [46].
An intact contralateral joint compartment is 
required as already described for early osteoar-
thritic defects.
Concerning the postoperative sport activity, 
the majority of the athletes undergoing osteot-
omy return to work and sport [43]. Above all, 
most of the affected patients (78.6%) were able to 
return to an equal or higher level compared to the 
level they participated preoperatively, and 54% 
of the competitive athletes were also able to 
return to competition [43]. However, the rehabili-
tation period endured up to 1 year in most patients 
before they were able to return to work and sport 
[43] (Fig. 35.6).
Unicompartmental Knee Arthroplasty
An alternative promising option in the treatment 
of unicompartmental advanced knee osteoarthri-
tis is the implantation of a unicompartmental 
knee arthroplasty. By this treatment strategy, the 
affected joint surface is reconstructed by a 
replacement of the degenerated parts and preser-
vation of the unaffected joint [46]. But, malalign-
ment cannot be addressed according to technical 
limitations of this treatment approach. Overall, 
similar to the alignment therapy, just the affected 
compartment is addressed in terms of pain relief 
and functional improvement. So, this approach is 
preoperative X-ray postoperative X-ray
Fig. 35.6 High tibial osteotomy in varus malaligned lower extremity, pre- and postoperative X-ray
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limited by the progress of osteoarthritis within 
the whole joint thus possibly leading to loosening 
of the prosthesis.
However, introduced in the early 1970s, the 
technique and durability were improved over the 
past decades [47]. Nowadays it is characterized 
by a minimal invasive implantation technique 
and short postoperative rehabilitation but 
restricted physical activity afterwards [46]. 
Anyhow, the postoperative results are good. The 
average survivorship after 15 years is described 
with 88.9% for medial and 89.4% for lateral uni-
compartmental arthroplasties. Regarding medial 
unicompartmental arthroplasties, additional 
long-term studies over a period of 25 years 
showed an average survivorship of 80% [48, 49].
Concerning postoperative physical activity 
and return to sport, a current review shows excel-
lent rates [50]. The percentage of athletes return-
ing to sport ranged from 75% to more than 100%, 
meaning that even already retired athletes were 
able to return to sport after having a unicompart-
mental arthroplasty. Sport activity was almost 
regained after a rehabilitation period of around 
12 weeks. Some athletes were even able to return 
to high-impact sports. However, most of the ath-
letes returned to low- and mid-impact sports, like 
hiking, cycling or swimming [50–52]. Regarding 
literature, the data do not differ between the 
medial and lateral site [53] (Fig. 35.7).
Total Joint Replacement
The total knee arthroplasty is the treatment of 
choice for athletes, in whom osteoarthritic 
changes include all joint compartments. By the 
replacement of the whole femoral and tibial parts 
of the joint, an improved outcome in terms of 
pain, symptoms, activities of daily living, sport 
activity and quality of life can be achieved com-
pared with preoperative status [54].
In contrast to the unicompartmental knee 
arthroplasties, axis deviation as well as instability 
can be additionally treated by certain implanta-
tion techniques and special types of prosthesis in 
total knee arthroplasty.
Overall, the postoperative clinical outcome 
shows good to excellent results [55–59]. 
Especially in young patients (≤55 years) promis-
ing results were shown. The activity after total 
knee arthroplasty, scored by Tegner and Lysholm, 
was clearly improved postoperative. At least 24% 
had an activity score of 5 points that means a 
regular participation in high-demanding sports 
such as tennis or skiing [57].
Concerning the sport activity of patients hav-
ing total knee arthroplasty, a high rate of return to 
sport is documented. However, a shift from high- 
impact sport to low-impact sport similar to the 
unicondylar prosthesis is described even if the 
prosthesis would facilitate higher sports levels 
[60]. Similar to the unicompartmental arthroplas-
ties, most patients return to sport after a rehabili-
tation period of 3–6 months [50, 60].
35.5.3  Return to Play in Advanced 
Osteoarthritis: Authors’ 
Recommendation
According to the current literature, there are no 
studies or recommendations concerning the 
return to football after having advanced osteoar-
thritis therapy.
In total three different treatment approaches 
are used in clinical practice: the conservative 
therapy, the operative therapy in terms of realign-
ment and the operative therapy in terms of joint 
replacement.
The non-operative treatment strategy is a 
symptom-based approach. The aim of this ther-
apy is an appropriate pain relief and functional 
improvement without directly addressing the car-
tilage degeneration. The return to sport depends 
Fact Box 3
Differentiation of low- and high-impact 
sports according to [60]
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on the remaining symptoms. As long as the ath-
letes feel no impairment, the return to high- 
impact sport, such as football, is possible. 
However, to of degeneration and prolong the time 
to conversion to an operative approach, a down-
grading of loading intensity to a recreational 
basis or a transition to a low-impact sport is 
recommended.
The operative therapy in terms of a realign-
ment is also a symptom-related strategy. After 
bony consolidation, a return to play guided by the 
clinical symptoms is possible. Similar to the non- 
operative treatment, a reduction of the sports 
intensity and change to a low-impact sport should 
be pursued in accordance with the athlete’s 
career.
Fig. 35.7 Unicompartmental arthroplasty for medial varus gonarthrosis, pre- and postoperative X-ray
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In contrast to the above-mentioned strate-
gies, arthroplasty is considered as a causally 
based treatment. By resurfacing the degenerated 
parts, a relief of symptoms and reconstruction 
of the joint is obtained. In unicompartmental 
knee arthroplasties a possible progress of degen-
eration in the contralateral compartment as well 
as femoro- patellar compartment has to be taken 
into account. In contrast, in total knee arthro-
plasties the whole joints are replaced. Current 
recommendations concerning a return to sport 
are mainly based upon experts’ opinion and not 
on evidence-based guidelines [60]. Considering 
the long-term outcome of arthroplasties, there is 
a consensus to reduce sportive activity to a low-
impact sport after having knee arthroplasty even 
if the prosthesis would facilitate higher levels of 
sport [54, 60]. According to two studies, a suc-
cessful return to high-impact sport (judo, tennis) 
after total knee arthroplasty is described [60–
62]. However, up to now the effects of such 
activity levels on the long-term outcome are still 
unknown [60].
In summary, a return to sport should be rec-
ommended to every athlete having advanced 
osteoarthritis, based on the fact that physical 
activity is recommended in general because of its 
influence for general health and bone quality 
[63]. An adaption of intensity and impact has to 
be realized according to athletes’ symptoms as 
well as skill level and career [60]. Technically 
demanding sports should not be started after joint 
replacement because of the increased joint load-
ing and raised risk for injuries during the learning 
phase for unskilled athletes [63].
Take-Home Message
 – A clear differentiation of the stages of osteoar-
thritis is crucial for an appropriate athletes 
guidance.
 – Treatment of all stages includes both non- 
operative and operative strategies.
 – Focal early osteoarthritis allows a regenerative 
approach.
 – From a clinical point of view, the recommen-
dation to return to pre-injury level should be 
limited to regenerative approaches in focal 
early osteoarthritis.
 – If no regeneration can be obtained, individual-
ized downgrading of intensity and impact in 
accordance to the athletes’ career has to be 
recommended.
 – After replacement therapy low-impact sport 
has to be recommended.
 – Continuing playing soccer at different levels is 
possible at all stages of osteoarthritis. 
However, risking a progress of degeneration 
with all concomitant symptoms and complica-
tions has to be taken into account.
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36.1  Introduction
Athletes, in particular young athletes, have high 
demands in terms of return to sports (RTS) after 
an ACL reconstruction (ACLR), with 91% of 
them expecting return to their pre-injury level and 
doing so without restrictions or symptoms [1].
Walden and colleagues published the results 
of a 15-year prospective study, examining RTS 
rates following ACL injury in professional foot-
ball players [2]. In their study, RTS was defined 
as the number of days from injury or 
 reconstruction to full training with the team 
without restrictions (return to training) and to the 
first match appearance with the first team, 
reserve team, under-21 team, or a national team 
(return to match play). A total of 157 ACL inju-
ries in 149 players were recorded during the 
study period. Although there is an initial high 
rate of RTS (>90%) at 1 year after ACLR, a per-
tinent finding from their study was that only 65% 
of athletes were playing at their highest 
A. Gokeler (*) 
University of Groningen, University Medical Center 




Rizzoli Orthopaedic Institute, University of Bologna, 
Bologna, Italy
e-mail: stefano.zaffagnini@unibo.it 
C. Mouton • R. Seil 
Department of Orthopedic Surgery, Centre 
Hospitalier de Luxemburg,  
Luxembourg City, Luxembourg 
Sports Medicine Research Laboratory, Department of 






 pre-injury level at 3 years post-ACL rupture. A 
same trend was found by Zaffagnini et al., and 
they reported that 95% of professional male 
football players returned to the same activity 
level 1 year after ACLR [3]. At follow-up 4 years 
after ACLR, 15 patients (71%) were still playing 
competitive football, 13 (62%) at the same pre-
injury professional division, and 2 (9%) in a 
lower division compared to the pre-injury status, 
due to issues not related to knee performance. Of 
the six patients that abandoned their football 
career, the main reason was related not to knee 
status but to personal issues. In contrast to the 
findings of Walden et al. [2], the age at final fol-
low-up of retired athletes was significantly 
higher compared to active players 
(30.4 years ± 7.2 vs. 25.5 years ± 4.0). Brophy 
and colleagues contacted football players 
included in the Multicenter Orthopaedic 
Outcomes Network (MOON) after ACLR [4]. 
Initially, 72% of the players RTS at an average of 
12.2 months after surgery; however, the standard 
deviation was 14.3 months indicating the large 
range in time taken for players to achieve RTS 
level. A sharp decline was noted at follow-up at 
7.2 years, as only 36% were still playing football 
[4]. Men were more likely (56%) to attribute 
their ACL injury as the primary reason they were 
no longer playing football [4].
Patient’s general expectations after ACLR are 
high, with 94% expecting a return to sports (RTS) 
to the same level as prior to injury [1]. This poses 
the question as to how clinicians determine when 
an athlete is ready for RTS in light of associated 
of risk involved [5]. Clinicians and researchers 
have become increasingly aware of the high inci-
dence of second ACL injury. Injury rates for a 
second injury exceed 23% for young highly 
active RTS athletes [6]. Data from the Swedish 
ACL Registry revealed that 22% of 15- to 
18-year-old female football players reported a 
revision or contralateral ACLR during a 5-year 
period [7]. Of note, only those who underwent 
surgery were accounted for in the registry, indi-
cating that even higher rates of second ACL 
injury may be possible. Unfortunately, it appears 
that current ACLR rehabilitation programs are 
not effective in addressing deficits related to the 
initial ACL injury and the subsequent surgical 
intervention [8].
The reasons for such high reinjury rates war-
rant further investigation. The relatively high fail-
ure rate may be related to closure of developmental 
physes and lack of compliance to the postopera-
tive rehabilitation [9]. The second injury rate fol-
lowing ACLR is significantly higher in young 
athletes compared with athletes over the age of 
18 years [10].
In addition, deficits in the neuromuscular con-
trol of both lower extremities following ACLR 
have been directly associated with the risk for 
second ACL injury [11, 12]. These deficits may 
have been present prior to injury and exacerbated 
by the surgical procedure. It has been shown that 
girls throughout the growth spurt display a 
decrease in knee flexion in combination with an 
increase in knee abduction moments during a 
horizontal landing task [13]. In agreement with 
previous studies summarized in a review, the lack 
of control of lower limb movements due to rapid 
growth changes is linked to their increased risk 
for ACL injuries [14] Therefore, identification 
and subsequent targeted treatment of aberrant 
post-ACLR movement patterns are critical not 
only to maximize functional recovery but also to 
reduce the risk for a second ACL injury [15]. 
Another concern is that current RTS test batteries 
may not be sensitive enough to detect subtle but 
relevant impairments in physical function, which 
in turn may affect RTS rates. The decision when 
an athlete is allowed to RTS is multifactorial, dif-
ficult, and challenging [16]. The ability to decide 
whether an athlete is ready to safely RTS is fur-
ther compromised by the paucity of prospective 
studies in the literature validating current RTS 
criteria [17].
Fact Box
 – 62–65% of professional football players 
are still playing at the pre-injury level 
3–4 years after ACLR.
 – Second ACL injury exceeds 23% in the 
first year after RTS.
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The authors of this chapter propose a compre-
hensive multifactorial test battery that encompasses 
factors that are related to enhance performance nec-
essary for an injured football player to integrate into 
football competition. Moreover the test battery 
should be sensitive to detect risk factors for a second 
ACL injury or any other injury. Only factors that are 
modifiable either though intervention or through 
healing processes will be discussed.
36.2  Definitions
A recent consensus statement on RTS presented 
the following operational definitions of the three 
elements of the RTS continuum (*) [18]:
 1. Return to participation (RTPa). The athlete 
may be participating in rehabilitation, training 
(modified or unrestricted), or sport but at a 
level lower than his or her RTS goal. The ath-
lete is physically active but not yet “ready” 
(medically, physically, and/or psychologi-
cally) to RTS. It is possible to train to perform, 
but this does not automatically mean RTS.
 2. Return to sport (RTS). The athlete has 
returned to his or her defined sport but is not 
performing at his or her desired performance 
level. Some athletes may be satisfied with 
reaching this stage, and this can represent suc-
cessful RTS for that individual.
 3. Return to performance (RTP). This extends 
the RTS element. The athlete has gradually 
returned to his or her defined sport and is per-
forming at or above his or her pre-injury level. 
For some athletes, this stage may be character-
ized by personal best performance or expected 
personal growth as it relates to performance.
(*) In this chapter, only the use of test batteries 
related to RTS and RTP is presented (Fig. 36.1).
36.3  Key Items to Aid in Decision- 
Making Process to Return 
to Sports
Since the systematic review by Barber-Westin 
and Noyes in 2011 [17], various prospective 
studies have been published. Delaying RTS 
until 9 months after surgery and a more sym-
metrical quadriceps strength prior to return to 
level 1 sport were associated with a reduced sec-
ondary knee injury risk [19]. Of the 74 patients 
who returned to level 1 sports, 51 patients did not 
sustain a second knee injury. Interstingly, those 
patients had a mean quadriceps limb symmetry 
index (LSI) of 84.4%, which was below the rec-
ommended limb symmetry index (LSI) of >90% 
[19]. Another recent prospective study of 158 
professional male football players who returned 
to football after ACLR determined risk factors 
for a second ACL injury [20]. Those players 
failing to achieve the proposed RTS criteria 
were four times more likely to sustain a second-
ary ACL injury compared to those who met all 
six proposed criteria (LSI > 90% for quadriceps 
and hamstrings muscle strength tests and three 
hop tests; t-test <11 s and the completion of on-
field sport-specific rehabilitation) [20]. 
However, 12 of the 26 players with a second 
ACL injury met the RTS criteria, while 28 of the 
132 players with no second ACL injury were 
not discharged by the RTS criteria, leading to a 
sensitivity of 53% and a specificity of 79%. This 
raises the question whether the current RTS 
tests address relevant factors for safe RTS, if 
cutoff values are appropriate or whether they are 
sensitive or demanding enough to elucidate 
clinically relevant differences. Nonetheless, we 
feel that the work of Kyritsis et al. [20] is impor-
tant as they included on-field tests that may be 
more specific compared to standardized test like 
hop tests as usually performed in a physical 
therapy clinic. Despite the development of RTS 
guidelines over recent years, there are still more 
questions than answers on the most optimal 
RTS criteria after ACLR. In the following sec-
tion, we will present a critical appraisal of cur-
rent RTS criteria after ACLR and present 







Fig. 36.1 The three elements of return to sports 
continuum




Although there is a lack of scientific consensus 
on the criteria to clear an athlete for RTS, achiev-
ing appropriate level of strength is often men-
tioned by clinicians [17].
More stringent recommendations which were 
categorized based on the type of sports activity 
have been presented [21]. A combination of 
strength and hop test assessment was used. For 
the purpose of this section, a 100% LSI for knee 
extensor and knee flexor muscle strength was 
proposed for the pivoting/contact/competitive 
group [21]. A few major issues arise when using 
these criteria: (1) only 23% of all patients 
achieved the abovementioned [21] test battery at 
2 years after ACLR, questioning whether this is 
feasible in daily practice; (2) the LSI is based on 
the assumption that the uninjured leg can be used 
as a reference for strength; (3) is it acceptable to 
have a 10% deficit between limbs? Larsen et al. 
cautioned that deficits are underestimated when 
using the uninvolved limb as reference [22]. 
Their results show that, not only patients after 
ACLR exhibit side to side deficits, but the unin-
volved limb of ACLR is also significantly weaker 
to a matched limb of a control group. This implies 
that the uninvolved limb is significantly affected 
by the ACL injury questioning to use the LSI as a 
criterion for RTS [22]. A successful outcome for 
a strength or power test should be a symmetrical 
level of performance between limbs, which also 
matches the level of performance within their 
peer group [23]. A systematic review by Undheim 
and colleagues revealed that isokinetic knee 
strength has not been sufficiently validated as a 
useful criterion measure for RTS [24]. Most stud-
ies have exclusively focused on the evaluation of 
knee muscle strength, but deficits in hip muscle 
strength have been found after ACLR [25]. 
Clinicians should pay more attention to the hip 
muscles as decreased hip external rotator and 
abductor strength have been associated with 
increased primary non-contact ACL injury risk 
[26]. In addition, second ACL injury risk has also 
been linked to a decreased hip external rotation 
moment [11].
36.3.2  Hop Tests
Functional performance tests (FPT) are popular 
due to their ability to quantify knee function. Hop 
tests are the preferred type of FPT due to utiliza-
tion of the uninjured limb as a control for 
between-limb comparisons. Frequently used hop 
tests are the single hop for distance, triple hop for 
distance, triple crossover hop, and 6-m timed 
hop. Researchers have recommended that FPT 
should also include an endurance hop test like the 
side hop [21]. LSI criteria >90% are often used as 
cutoff scores for RTS [21, 27]. As with the LSI 
for strength, there are some concerns regarding 
the use of the uninvolved limb as a reference for 
the involved limb. Even though a more symmetri-
cal hopping performance has been related to 
returning to pre-injury sport level [28], this 
symmetry- based approach is debatable and may 
lead to underestimations of clinical relevant defi-
cits, as bilateral neuromuscular, biomechanical, 
and functional performance deficits have been 
demonstrated after unilateral ACLR [29–32].
First, changes in the sensorimotor system 
need to be considered. It has been shown that an 
ACL injury causes direct changes in the 
CNS. Recent studies have shown that altered 
activity of the motor cortex is present both in 
ACL-deficient patients as well after ACLR [33–
36]. Hence, a bilateral deficit may lead to a falsely 
high LSI, since LSI is calculated as a ratio 
between the values of the limbs.
This was confirmed in a recent unpublished 
work by the authors. When compared to norma-
tive data, patients who were tested at 7 months 
after ACLR had significant and clinically relevant 
shorter jump distances for the triple leg hop for 
distance (involved limb males 125.7 cm, females 
43.5 cm; uninvolved limb males 104.1 cm, 
females 30.8 cm). These findings highlight that 
athletes who have undergone an ACLR demon-
strate bilateral deficits on hop tests in comparison 
to age- and sex-matched data of healthy controls. 
Using the LSI may underestimate performance 
deficits and should therefore be used with caution 
as a criterion for RTS after ACLR. We recom-
mend that football players achieve hop test per-
A. Gokeler et al.
pieter.orthopedie@gmail.com
491
formance within the SEM of matched uninjured 
peers. Normative data for collegiate football 
players have been presented for the single-leg 
hop (192 cm for males and 149 cm for females), 
triple leg hop (632 cm males, 470 cm females), 
and 6-m timed hop (1.74 s males and 2.13 s for 
females) [37].
Secondly, another disadvantage of the tradi-
tional outcomes of hop tests is the strict focus on 
quantitative outcomes (distance, time, and limb 
symmetry), while outcomes related to the quality 
of movement are not captured [38]. Hence, the 
authors advise to use RTS test that also includes 
assessment of movement quality. Gokeler and 
colleagues recently presented a new RTS test bat-
tery that included strength tests, hop tests, jump- 
landing task, and questionnaires [39]. The 
Landing Error Scoring System (LESS) score was 
used to determine movement asymmetry during a 
jump-landing task [40]. Briefly, the subject stands 
on a 30-cm-high box, jumps forward at a distance 
half the body height, and jumps for maximal 
height immediately after landing. The landing is 
videotaped with two video cameras that have 
frontal plane and sagittal plane views of the jump 
landing [40]. Three jumps are performed, and 
each jump is scored using the LESS score form 
[40]. A higher LESS score indicates a greater 
number of landing errors and consequently 
poorer jump-landing technique. At 6.5 months 
after ACLR, 30% of patients demonstrated aber-
rant movement patterns indicated by a LESS > 5 
that may predispose them to increased second 
ACL injury risk [39].
36.3.3  Movement Quality
An increased knee valgus movement, a greater 
asymmetrical internal knee extensor moment, a 
decreased contralateral hip external rotation 
moment during a drop vertical jump and postural 
stability deficits were associated with increased 
second ACL injury in athletes who returned to 
sport after ACLR [11]. These findings are in line 
with the trend in the current literature to empha-
size the importance of movement quality during 
rehabilitation of ACLR patients [41]. Recently 
there has been considerable interest in quantifica-
tion of the pivot-shift test, with the development 
of methods using, for example, accelerometers, 
image-based software, tablets, and an iPad appli-
cation to measure acceleration or tibial transla-
tion during the pivot-shift maneuver [42, 43]. 
Although currently not in use, this technology is 
very promising to assess movement quality on 
the field which may enhance validity.
36.3.4  Fatigue
Commonly RTS tests are performed under non- 
fatigued conditions. This is somewhat in contrast 
to the clinical situation during rehabilitation. It 
has been recommended to perform neuromuscu-
lar control drills toward the end of a rehabilita-
tion session, after cardiovascular training, to 
challenge neuromuscular control of the knee 
joint when the dynamic stabilizers are fatigued 
[44]. Fatigue has been shown repeatedly to have 
negative effects on lower extremity biomechan-
ics. A systematic review recently examined the 
literature pertaining to lower extremity biome-
chanics and neuromuscular fatigue during single- 
leg landings [45]. The kinematic data revealed 
greater knee and hip flexion and increased dorsi-
flexion post-fatigue. However, as anticipated/
practiced, drop landings are performed primarily 
in the sagittal plane; these specific procedures 
may not be sufficient to determine movement 
patterns during athletic competition. When an 
unanticipated landing was used, the results were 
drastically different with a significant increase in 
peak knee valgus angle post-fatigue compared to 
pre-fatigue. This unanticipated landing would 
seem to represent the demands of athletic compe-
tition more accurately and thus demonstrates an 
increased risk of injury with neuromuscular 
fatigue.
A recent systematic review including 4927 
patients revealed that a LSI > 90% on standard 
hop tests (single-leg, crossover, triple, and 6-m 
timed hop tests) is achieved at 6–9 months post-
operatively [46]. Of interest, although the  number 
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of studies reporting results of endurance hop tests 
is limited, the results of the fatigue single- leg hop 
and side hop in 30 s showed lower LSI values as 
compared with the standard hop testing regimen 
[46]. In the context of RTS tests, Augustsson 
et al. noted that all ACLR patients met the RTS 
criteria (LSI > 90% single-leg hop test) in a non-
fatigued state, while 68% showed an abnormal 
LSI when fatigued [47]. Similarly, Gokeler et al. 
determined that 6 months after ACLR, between 
78% and 85% of patients passed the LSI > 90% 
for the single-leg for distance and triple leg hop, 
but only 50% passed the side hop test [48]. In 
addition, previous work already indicated the 
profound effect fatigue has on movement quality 
in patients after ACLR and uninjured control sub-
jects [48]. The initial median score pre-fatigue 
for ACLR patients was 6.5 (poor) and 7.0 follow-
ing fatigue, whereas the uninjured control sub-
jects scored 2.5 (excellent) pre-fatigue and 
drastically increased to 6.0 (poor) post- fatigue. 
This shows an obvious decline in movement 
quality following fatigue, which may place both 
post-ACLR patients and uninjured controls at 
risk for injury [48].
Based on the current literature, it seems plau-
sible that testing athletes in a sport-specific 
fatigued state may enhance the ability to detect 
clinically relevant deficits after ACLR. Hence, 
assessment of lower extremity biomechanics in a 
fatigue state of the player should be an integral 
part of a RTS test battery.
36.3.5  Patient-Reported Outcome 
Measures
Patient-reported outcome measures (PROMs) are 
self-report questionnaires that measure an indi-
vidual’s perception of symptoms, function, activ-
ity, and participation [49]. In a survey, specific to 
ACL injuries, sent to members of international 
sports medicine associations, including the 
European Society of Sports Traumatology, Knee 
Surgery, and Arthroscopy, the American 
Orthopaedic Society for Sports Medicine, and the 
American Physical Therapy Association, consen-
sus was reached to use the following PROMs: the 
KOS-ADLS, Knee Outcome Survey-Sports 
Activities Scale (KOS-SAS), global rating of per-
ceived function (GRS), Lysholm score, 
International Knee Documentation Committee 
(IKDC) Subjective Knee Form, Cincinnati Knee 
Score, Knee Injury and Osteoarthritis Outcome 
Score (KOOS), Tegner activity scale, and Marx 
activity rating scale [49]. The decision to allow 
RTS after ACLR solely based on PROMs has been 
questioned [27]. In a prospective cohort study, 
Logerstedt et al. determined whether IKDC could 
identify patients who would pass a battery of func-
tional assessment tests after an ACLR [27]. The 
15th percentile from the normative data from unin-
jured individuals was chosen as the cutoff score to 
ensure that patients who scored below the cutoff 
were differentiated from those who scored within 
the normal variance of IKDC scores [50]. They 
found that patients who scored below the normal 
values on the IKDC were over four times more 
likely to fail the RTS tests. Interestingly, for those 
athletes who scored well on the IKDC, nearly 50% 
overestimated their recovery as they didn’t pass 
the RTS test battery [27]. In other words, normal 
IKDC scores do not necessarily mean the patients 
would pass the RTS tests.
36.3.6  Physiological and Contextual 
Factors
Traditional rehabilitation after ACLR and subse-
quent RTS criteria have predominantly focused 
on the recovery of the physical capacity to cope 
with the physical demands of a specific sport, 
maximize performance, and decrease reinjury 
risk [5]. During recent years, it has become clear 
that physical recovery alone is not sufficient to 
ensure successful RTS as many athletes with 
good physical function do not RTS after ACLR 
[51]. In a study of female collegiate football play-
ers, 85% of the players RTS after ACLR with a 
median time for clearance for unrestricted game 
play between 3.9 and 33.2 months [52]. The RTS 
rate was higher for those in their earlier years of 
study and for those who had a scholarship (91% 
RTS rate) [52]. The rate of RTS was not related to 
surgical factors such as drilling method, graft 
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selection and fixation, or concomitant knee pro-
cedures. These findings suggest that personal fac-
tors may be stronger indicators of RTS than 
surgical or physical factors [52].
A recent review on contextual factors affecting 
RTS after ACLR identified that lower fear of rein-
jury, greater psychological readiness, and a more 
positive subjective assessment of knee function 
favored a return to pre-injury level of sport after 
ACLR [53]. The ACL-Return to Sport Index 
(ACL-RSI) has been developed as a condition- 
specific scale which measures the psychological 
impact of returning to sport after ACLR [54]. The 
12-item scale measures 3 specific psychological 
constructs—emotions, confidence in performance, 
and risk appraisal—on a scale of a minimum of 0 
to a maximum of 100 [54]. Lentz and co-workers 
noticed that patients who were unable to return to 
sports had a mean score of 20 points on the Tampa 
Scale for Kinesiophobia (TSK-11), while their 
counterparts who were able to return to sports had 
a mean score of 15 points [35]. Sonesson et al. 
found that higher motivation during rehabilitation 
was associated with returning to pre-injury sport 
activity [55]. Another study showed that patients 
who had returned to knee-strenuous sports after 
ACLR reported higher self-efficacy, evaluated 
with the Knee Self-efficacy Scale (K-SES), com-
pared with those who had not returned [56, 57].
It is recommended that clinicians screen for 
contextual factors, particularly psychological 
factors, early after ACL injury to identify athletes 
who could be at risk of not returning to the pre- 
injury level of sport [53]. The Tampa Scale for 
Kinesiophobia (TSK-11), ACL-RSI, and K-SES 
have clinical merit to identify athletes at risk. 
Subsequently, interventions including motiva-
tional interviewing, imagery, and goal setting 
could be added to common rehabilitation regi-
men to enhance self-efficacy and reduce reinjury 
anxiety in athletes with sports injury [53].
36.4  On-Field Rehabilitation
The final phases of rehabilitation are performed 
on the football field. Key factor is to integrate 
sports-specific elements within the rehabilitation 
that reflects neuromuscular, physiological, and 
psychological demands [58].
36.4.1  The Interval Kicking Program
Arundale and co-workers have outlined a detailed 
interval kicking program [59]. The program con-
sists of 15 steps of which the first 12 steps gradu-
ally introduce a player to the loading and impact 
of kicking. The progression increases kicking 
distance (using the markings of a soccer field as a 
guide), volume, and intensity and uses proposed 
soreness rules, effusion guidelines, and player 
feedback in order to assist clinicians in determin-
ing readiness for advancement through the stages 
[59]. The authors use the following criteria for 
football players to enter the program: no pain, 
full range of motion, no effusion, and thigh 
strength >LSI 80% (Table 36.1).
36.4.2  On-Field Rehabilitation 
Program
Della Villa and colleagues referred to this phase 
as “on-field rehabilitation” (OFR) and [60]. In 
their hands, OFR is allowed if the patient pres-
ents no knee laxity, no giving-way episodes dur-
ing previous phases, minimal pain (VAS < 3), 
absence or minimal effusion, complete or nearly 
complete ROM (full extension, <10° flexion defi-
cit vs. contralateral limb), LSI > 80% isokinetic 
maximal peak torque for hamstrings and quadri-
ceps and the ability to run on the treadmill at 
8 km/h for more than 10 min (Fig. 36.2) [60].
OFR for football players is divided in five 
phases, and the progression is based on when 
exercises of each phase were comfortable, well 
coordinated performed, tolerated well and with-
out adverse effect such as swelling. This allows 
for a gradual progression of each part and thus 
ensures correct function and that no adverse knee 
reaction is noted before moving on to the next level 
[60]. Rehabilitation programs may fail due to a 
rapid increase in exercise load. Blanch and Gabbett 
proposed the inclusion of the acute/chronic work-
load ratio in the RTS decision-making process 
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Table 36.1 The interval kicking program
Basic kicking and passing
Step 1
• Warm-up dribbling or juggling 
(5 min)
• Two touch passing, 5.5 m (5 min)
• Rest (5 min)
• Warm-up dribbling or juggling, 
performing opposite activity from 
start (5 min)
• One touch passing, 5.5 m (5 min)
Step 2
• Warm-up dribbling or juggling 
(5 min)
• Two touch passing, maximum 
16.5 m (5 min)
• Rest (5 min)
• Warm-up dribbling or juggling, 
performing opposite activity from 
start (5 min)
• One touch passing, maximum 
16.5 m (5 min)
Step 3
• Warm-up dribbling or juggling 
(5 min)
• Two touch passing, maximum 
16.5 m (5 min)
• Rest (5–10 min)
• Warm-up dribbling or juggling 
(5 min)
• One touch passing, maximum 
16.5 m (5 min)
• Rest (5–10 min)
• Warm-up dribbling or juggling 
(5 min)
• One or two touch passing with a 
maximum 16.5 m (5 min)
Passing and basic shooting
Step 4
• Warm-up dribbling or juggling 
(5 min)
• Two touch passing, maximum 36 m 
(5 min)
• Rest (5 min)
• Warm-up dribbling or juggling, 
performing opposite activity from 
start (5 min)
• One touch passing, maximum 36 m 
(5 min)
Step 5
• Warm-up dribbling or juggling 
(5 min)
• Two touch passing, maximum 36 m 
(5 min)
• Rest (5–10 min)
• Warm-up dribbling or juggling 
(5 min)
• One touch passing, maximum 36 m 
(5 min)
• Rest (5–10 min)
• Warm-up dribbling or juggling 
(5 min)
• One or two touch passing with a 
maximum 36 m (5 min)
Step 6
• Warm-up dribbling or juggling 
(5 min)
• One or two touch passing, 
maximum 36 m (5 min)
• Rest (5–10 min)
• Warm-up dribbling or juggling, 
(5 min)
• Shooting (10 shots) and chipped/
lofted balls, maximum 11 m 
(2–3 min)
• Rest (5–10 min)
• Warm-up dribbling or juggling, 
(5 min)
• One or two touch passing, 
maximum 36 m (5 min)
Advanced shooting
Step 7
• Warm-up dribbling or juggling 
(5 min)
• One or two touch passing, 
maximum 36 m (5 min)
• Rest (5–10 min)
• Warm-up dribbling or juggling 
(5 min)
• Shooting (10 shots) and chipped/
lofted balls, maximum 11 m 
(2–3 min)
• Rest (5–10 min)
• Warm-up dribbling or juggling 
(5 min)
• Shooting (10 shots) and chipped/
lofted balls, maximum 11 m 
(2–3 min)
Step 8
• Warm-up dribbling or juggling 
(5 min)
• One or two touch passing, 
maximum 36 m (5 min)
• Rest (5–10 min)
• Warm-up dribbling or juggling 
(5 min)
• Shooting (10 shots) and chipped/
lofted balls, maximum 16.5 m 
(2–3 min)
• Rest (5–10 min)
• Warm-up dribbling or juggling 
(5 min)
• One or two touch passing with a 
maximum 36 m (5 min)
Step 9
• Warm-up dribbling or juggling 
(5 min)
• One or two touch passing, 
maximum 36 m (5 min)
• Rest (5–10 min)
• Warm-up dribbling or juggling 
(5 min)
• Shooting (10 shots) and chipped/
lofted balls, maximum 16.5 m 
(2–3 min)
• Rest (5–10 min)
• Warm-up dribbling or juggling 
(5 min)
• Shooting (10 shots) and chipped/
lofted balls, maximum 16.5 m 
(2–3 min)
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[61]. This ratio describes the relation between the 
workload of the last week (acute workload) and the 
rolling average workload of the last 4 weeks 
(chronic workload). This concept can be applied to 
a wide range of individually functional  relevant 
training variables representing external workload 
(e.g., number of jumps or high-speed running cov-
ered) or internal workload (e.g., rating of perceived 
exertion). Rapid spikes in acute/chronic workload 
ratios during the RTS and RTP process should be 
avoided. For a clinician, it is therefore important to 
know the physical demands of football and to grad-
ually expose a player to the football-specific work-
loads in order to successfully integrate a player 
back into the game. The workload ratio allows staff 
involved with RTP to quantify a player’s risk for 
subsequent injury [61]. For example, if a player has 
a chronic workload of 40% and increases that to 
100% within a week, the player has a 28% risk to 
sustain an injury in the following week [61].
Table 36.1 (continued)
Increased intensity and distance
Step 10a
• Warm-up dribbling or juggling 
(5 min)
• One or two touch passing, 
maximum 36 m (5 min)
• Rest (5–10 min)
• Warm-up dribbling or juggling 
(5 min)
• Shooting (10 shots) and chipped/
lofted balls, maximum 36 m 
(2–3 min)
• Rest (5–10 min)
• Warm-up dribbling or juggling 
(5 min)
• Shooting (10 shots) and chipped/
lofted balls max 16.5 m (2–3 min) 
or one or two touch passing, 
maximum 36 m (5 min)
Step 11
• Warm-up dribbling or juggling 
(5 min)
• One or two touch passing, 
maximum 36 m (5 min)
• Rest (5–10 min)
• Warm-up dribbling or juggling 
(5 min)
• Shooting (10 shots) and chipped/
lofted balls, maximum 36 m 
(2–3 min)
• Rest (5–10 min)
• Warm-up dribbling or juggling 
(5 min)
• Shooting (10 shots) and chipped/
lofted balls, maximum 36 m 
(2–3 min)
Step 12
• Warm-up dribbling or juggling 
(5 min)
• One or two touch passing, 
maximum 36 m (5 min)
• Rest (5–10 min)
• Warm-up dribbling or juggling 
(5 min)
• Lofted driven ball maximum 45 m 
(25 times)
• Rest (5–10 min)
• Warm-up dribbling or juggling 
(5 min)
• Shooting (10 shots) and chipped/
lofted balls, maximum 36 m 
(2–3 min) or one or two touch 
passing, maximum 36 m (5 min)
Initiating return to sport
Step 13
• At this point goalkeepers should 
begin their work on punting and 
drop kicking
• Field players may begin to perform 
>20-min technical portions of 
practices with their teams as well as 
shooting and other drills
Step 14b
• When cleared by medical team, 
player may begin full practices with 
their team, initially non-contact and 
progressing to contact
Step 15c
• Reintroduce gameplay first through 
scrimmages in practice and then 
with gradually increasing periods 
of game time
The distances listed in each of these steps are maximum distances. Clinicians and players should not spend the entire 
time passing or shooting at this maximum distance but rather vary the passing/shooting distances throughout the allotted 
time
Used with permission. Copyright 2015, Int J Sports Phys Ther. 2015 Feb;10(1):114–27. An interval kicking progression 
for return to soccer following lower extremity injury. Arundale A, Silvers H, Logerstedt D, Rojas J, Snyder-Mackler L
aAlternatively, once a player reaches step 10 (if cleared by the medical team), a percentage of time spent in warm-up 
dribbling/juggling and one or two touch passing drills (maximum 20 min) may be spent working on technical drills 
with their team, followed by performing the shooting or lofted/driven ball practice defined by the progression (with 
appropriate rest in between). This alternative should only be used if the medical team is confident that both player and 
coach are cognizant of all precautions such as only performing small sided technical drills involving passing and drib-
bling and avoiding player contact
bUnlike steps 1–13, steps 14 and 15 require more than 1 day in between. It is at the rehabilitation team’s discretion to 
progress a player through these stages
cA gradual increase in game time will allow a player to adjust to the intensity and speed of play while reducing the 
amount of time they are exposed to the higher-risk game environment
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In a study of 50 football players, Della Villa 
and co-workers noted that the OFR program was 
successfully completed on average at 138 ± 33 
(range 74–204) days after ACLR [60]. 
Professional players followed a daily rehabilita-
tion program, while amateur players did so three 
times per week [60].
Bizzini et al. proposed a four-phase progres-
sion from training to playing matches [58]:
• Return to reduced team training practice (no 
contact)
• Return to full (normal) team training practice 
(with contact)
• Return to “friendly” games (initially not over 
the full duration of a match)
• Return to competitive match (initially not over 
the full duration of a match)
Following these guidelines, the football player 
is gradually progressed from individual training 
to team training [58].
36.4.2.1  Agility Drills
Agility drills serve as an important component in 
the functional rehabilitation of the lower extrem-
ity (hip, knee, and ankle). The drills are designed 
to replicate the movement demands of the sport 
and to promote confidence in the returning 
athlete.
Agility is defined as “a rapid whole body 
movement with change of direction of speed or 
direction in response to a stimulus” [62]. 
According to Young et al., agility consists of two 
components: (1) change of direction speed and 
(2) perceptual and decision-making [63]. The lat-
ter involves processing of visual information, 
anticipation, response selection, and motor pro-
gramming [64]. In football, a change in direction 
is initiated in response to a stimulus, such as an 
opponent’s actions, and is therefore influenced by 
perceptual and decision-making skills. Clinicians 
should therefore be aware that most agility drills 
are preplanned and therefore only assess a play-
er’s ability to change direction (and not respond 
to a sport-specific stimulus) (Fig. 36.3).
Fig. 36.2 On-field rehabilitation program under supervi-
sion of a sports physical therapist assessing movement 
quality and checks for compensation strategies to unload 
the injured extremity
Fig. 36.3 Football player performing the agility T-test
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For this reason, the ability to change direc-
tion and velocity in a preplanned movement, 
such as that demonstrated in certain agility 
tests (e.g., agility T-test), may be better 
described as change of direction speed and 
may not replicate on-field situations. 
Nonetheless, agility tests may provide impor-
tant information to determine physical readi-
ness regarding the final RTS phases or may be 
used for RTP enhancement. Agility tests that 
are frequently used in football are the agility 
T-test and the Illinois agility test [62]:
• Agility T-test: This assessment requires the 
player to move in a T-shaped pattern. It 
requires lateral and front-to-back movements. 
The clinician gives the signal to “Go” and 
starts the stopwatch, and the player com-
mences the test. The player runs to and touches 
the middle cone, side steps 5 m to the left cone 
and touches it, side steps 10 m to the far cone 
and touches it, side steps 5 m back to the mid-
dle cone and touches it, and then runs 10 m 
backward to the base of the “T” and touches 
that cone. The coach stops the stopwatch and 
records the time when the athlete touches the 
cone at the base of the “T.” The test score is 
the best time of three trials.
• Illinois agility test: The length of the course 
is 10 m, and the width (distance between the 
start and finish points) is 5 m. Four cones 
are used to mark the start, finish, and two 
turning points. Another four cones are 
placed down the center an equal distance 
apart. Each cone in the center is spaced 
3.3 m apart. The player should lie on their 
front (head to the start line) and hands by 
their shoulders. On the “Go” command, the 
stopwatch is started, and the player gets up 
as quickly as possible and runs around the 
course in the direction indicated, without 
knocking the cones over, to the finish line, 
at which the timing is stopped. The average 
of three trials is calculated. In the age range 
of 16–19 years, an excellent score is under 
15.2 s for a male and <17 s for a female.
The Illinois agility test has recently been cri-
tiqued as it is an asymmetrical test because the 
numbers of changes of direction performed to the 
right and to the left are unequal [65]. These 
authors had football players perform the test in 
two directions. They found that 52% of the play-
ers had a significant better performance—faster 
time—in the inverted test compared to the stan-
dard test [65].
The results of the agility tests after injury 
should be compared to baseline measures so that 
progress may be tracked over time.
These are crucial steps in the transition from 
the usually controlled situations during rehabili-
tation sessions to team training. During team 
training, the player has to visually perceive the 
constantly and quickly changing, unpredictable 
environment (e.g., movement of another player, 
opponent, or a ball), quickly process these 
situational- specific visual-spatial cues within the 
central nervous system, and develop an appropri-
ate physical response while maintaining dynamic 
stability of the body. Several studies have shown 
that experimentally visually cued temporal con-
straints can affect whole body kinematics and 
knee loading during athletic activities such as 
cutting [66, 67]. Therefore, we contend that these 
four phases as outlined by Bizzini et al. [58] 
should be successfully completed and are part of 
the RTS test battery prior to clearance for unre-
stricted sports activity.
Fact Box
 – Prior to entering the RTS phase, the 
injured football player should progress 
through a criterion-based rehabilitation 
program.
 – Elements within the rehabilitation 
should be specific to football that 
reflects neuromuscular, physiological, 
and psychological demands.
 – There is a lack of a “gold standard” for 
RTS criteria.
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36.5  Time After Anterior Cruciate 
Ligament Reconstruction
Time after ACLR is the most used criterion to 
assess RTS readiness with the allowed RTS after 
6 months [17]. Grindem et al. recently recom-
mend that RTS should be delayed until 9 months 
after ACLR [68]. Unfortunately, the risk of sus-
taining a second ACL injury is still high during 
the early period after RTS (6–12 months) 
[20, 68–71].
36.6  Laxity and Biological 
Assessment of the Graft
Graft maturation is a slow process that is indi-
vidually different from person to person an can 
take more than 2 years. It consists of four phases: 
the initial avascular necrosis, revascularization, 
cellular proliferation, and finally remodelling 
[72]. This process could be indirectly monitored 
through MRI, as it has been proved that poor bio-
mechanical properties and an incomplete graft 
maturation are related to a hyperintense graft sig-
nal on MRI [73]. Weiler et al. demonstrated in an 
animal model that a significantly elevated graft 
signal was present between the 6th and 12th 
weeks, and this condition was correlated to the 
lowest tensile stress of the graft (estimated around 
the 7–16% of the initial values) [74]. In clinical 
practice, graft maturation could be monitored 
with the Figueroa’s score, which accounts for 
graft signal (hypointensity, isointensity, or hyper-
intensity) and presence of synovial fluid within 
tunnel-graft interface [75]. Alternatively, a quan-
titative measurement with software of graft cor-
rected for background signal (SNQ, signal/noise 
quotient) could be used. However, the MRI eval-
uation of graft signal still represents a controver-
sial issue, since Biercevicz et al. [76] reported a 
correlation between signal intensity and hop test 
and KOOS score at 3 years and 5 years, respec-
tively, while Li et al. [77] did not find any correla-
tions with IKDC, Lysholm, and Tegner at 3, 6, 
and 12 months. Therefore, a routinely MRI 
assessment of graft maturity does not provide 
solid insights for RTS (Fig. 36.4).
Regarding knee laxity, a successful ACLR is 
able to restore stability in most of the cases [78]. 
Static anteroposterior laxity, besides manual 
tests, could be easily evaluated and quantified 
with popular instruments such as Rolimeter and 
KT-1000/2000 arthrometer. Differently, the eval-
a b
Fig. 36.4 (a) ACL graft with high-intensity or (b) low-intensity signal
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uation of dynamic rotatory laxity—which 
strongly correlated with instability symptoms—
[79] relies on examiner’s feeling during the pivot- 
shift maneuver. Therefore, non-invasive devices 
for pivot-shift assessment have been developed in 
the last 10 years [80], in order to both diagnose 
ACL injury and detect residual rotatory laxity 
after ACL reconstruction. Zaffagnini et al. [81] 
proposed a triaxial accelerometer for pivot-shift 
quantification, which showed a good inter- and 
intra-rater reliability and correlation with clinical 
grading. Therefore, such technologies could rep-
resent a potential aid in the follow-up evaluation 
of patients undergoing ACLR and in the RTS 
decision algorithm, since both anteroposterior 
and rotatory stability is required to safely RTS.
This issue is relevant since Mouton and col-
leagues determined that both anterior and rota-
tional knee laxity appears to be greater in the 
contralateral, non-injured knees of ACL-injured 
patients than in healthy controls [82], suggesting 
that increased physiological laxity could be a risk 
factor for (second) ACL injuries [83]. Increased 
laxity is associated with more hip adduction and 
knee valgus during drop landings in females [84]. 
Baumgart et al. demonstrated that playing foot-
ball and stretching lead to significant increases in 
anterior translation which in turn may influence 
the mechanical properties of the ACL [85]. 
Summarizing, the recent development of rota-
tional laxity measurement devices has added sig-
nificant knowledge to the field. The high 
variability between individuals as well as the 
ability to identify knees with increased physio-
logical knee laxity may improve screening and 
prevention programs for athletes [83]. In 
Table 36.2, the final criteria for RTS are 
summarized.
Table 36.2 Test battery for return to sport in football
Strength knee 100% limb symmetry index (LSI) on knee extensor and knee flexor 
strength evaluated with concentric isokinetic dynamometry at 60°/s, 
180°/s, and 300°/s
Hop tests LSI 100% single hop distance, triple hop for distance, triple crossover 
hop, 6-m timed hop and side (endurance) hop
Movement quality Landing Error Scoring System LESS < 5, evaluation of multisegmental 
movement quality during double- and single-leg dynamic activities: 
individual assessment with advanced clinical reasoning
Patient-reported outcome measures KOS-ADLS, Knee Outcome Survey-Sports Activities Scale (KOS-SAS), 
global rating of perceived function (GRS), Lysholm score, International 
Knee Documentation Committee Subjective Knee Form (IKDC), 
Cincinnati Knee Score, Knee Injury and Osteoarthritis Outcome Score 
(KOOS), Tegner activity scale, and Marx activity rating scale
Psychological factors ACL-Return to Sport Index (ACL-RSI), Tampa Scale for Kinesiophobia 
(TSK-11), Knee Self-efficacy Scale (K-SES)
Fatigue Functional tests (like hop tests) should also be tested under football-
specific fatigue conditions. In addition movement quality should be 
assessed
Interval kicking program Successful completion of all steps without adverse reactions
Agility tests Player has practiced and displays no hesitation or compensation 
strategies during agility drills (particularly when decelerating) when 
performed at 100% effort
On-field rehabilitation Successful completion of all steps without adverse reactions and feeling 
of instability
Completed full practice Assess tolerance of sport-specific training: no pain, swelling, stiffness, 
giving way
Time after surgery RTS > 9 months (professional players?)
Laxity and biological assessment graft No abnormal laxity: KT-1000 arthrometer <3 mm increased anterior 
laxity compared with the contralateral side, <3 mm Lachman test, grade 
0 pivot-shift test. Biological assessment of the graft with MRI
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36.7  Return to Performance
Is it a successful outcome after ACLR if a foot-
ball player has passed the RTS tests and formally 
discharged from rehabilitation? Can we therefore 
assume that a player is performing at the pre- 
injury level? Success means different things to 
different people and is context-dependent and 
outcome-dependent [18]. Much of the variability 
in RTS and RTP rates may be because of a lack of 
standardization in the definition of “return to 
sport.” The use of the term RTS must be accom-
panied by a detailed description of the individual 
characteristics of the athletes being studied (e.g., 
sex and age); the use of protective equipment 
(e.g., ankle bracing); the intensity, duration, and 
frequency of each exposure; the type of activity 
(e.g., pivoting or non-pivoting, contact or non- 
contact sports); the level of activity (e.g., elite, 
competitive, or recreational); the performance 
level (e.g., match statistics); as well as the timing 
and duration of sport participation after ACLR.
There is a lack of a comprehensive overview 
in football that may indicate whether the player 
has indeed reached pre-injury performance level. 
Kester et al. identified the impact of ACLR on 
performance and career length for National 
Basketball Association (NBA) players [86]. The 
outcomes included seasons played, games 
played, games started, minutes per game, points 
per game, field goals, 3-point shots, rebounds, 
assists, steals, blocks, turnovers, personal fouls, 
usage percentage, and player efficiency ratings 
and were compared with uninjured controls. In 
their first full season after ACLR, players started 
in 15.5 fewer games, played in 17.3 fewer games 
and had combined player efficiency ratings 2.35 
points lower when compared to matched con-
trols. Over the length of the careers, players com-
peted in 22.2 fewer games per season.
According to the definition of RTP, this is a 
continuum from RTS; although the football 
player may have been discharged from rehabilita-
tion, this does not mean the player is back on pre- 
injury level. Too often, the end phase of the 
rehabilitation is not extensive or specific enough, 
thereby exposing athletes to specific training 
loads and training characteristics that they cannot 
handle from a physical, physiologically, neuro-
cognitive as well as psychological perspective. 
Returning an athlete to participation should be a 
graduated continuum that progresses from the 
least demanding to most demanding activities, 
not a single test or set of tests that releases an 
athlete to return to participation at one single 
point in time [44].
Unfortunately, there are no validated sports- 
specific tests to determine readiness to return to 
full participation in team practice and competi-
tive matches for football players after ACLR 
[58]. Data are available for different players’ 
roles (defender, full-back, midfielder, and for-
ward) that, even if cutoff values do not exist, may 
help in judging the performance and RTP readi-
ness of the player [58].
An analysis of UEFA professional male foot-
ball players showed a mean time to return to offi-
cial match of 224 ± 75 days after ACLR [87]. 
Interestingly this study reported also the “return 
to train” outcome, which was 201 ± 68 days [87]. 
Hence, this implies that football players recover-
ing from ACLR who were cleared to training had 
on average 23 days to progress to match level. 
Such a short time frame may question whether 
this is feasible from a medical and/or exercise 
physiology point of view. The influence of other 
influencing factors may be at stake here.
Shrier recently proposed the Strategic 
Assessment of Risk and Risk Tolerance (StARRT) 
framework for RTS decisions, where factors 
affecting injury risk are grouped in the assessment 
of health risk, activity risk, and risk tolerance [88]. 
The StARRT model is a three-step model that 
helps estimate the risks of different short-term and 
long-term outcomes associated with RTS and fac-
tors that may affect what should be considered an 
acceptable risk within a particular context. Step 1 
(tissue health) of the StARRT framework synthe-
sizes information relevant to the load (stress) the 
tissue can absorb before injury. Step 2 (tissue 
stresses) synthesizes information relevant to the 
expected cumulative load (stress) on the tissue. 
Step 3 (risk tolerance modifiers) synthesizes infor-
mation relevant to the contextual factors that influ-
ence the RTS decision-maker’s tolerance for risk 
(Fig. 36.5) [88].
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In medicine there is mainly a focus on the first 
two steps within this framework (the risk assess-
ment process). However, as the UEFA study indi-
cated, professional football players have a 
relatively short amount of time to transfer from 
training to playing the first match [2]. 
Subsequently, a sudden increase in load may pre-
dispose the player to further or recurrent injury.
Take-Home Message
Based on the recent literature, no gold standard 
exists when evaluating RTS readiness after 
ACLR. Therefore, the authors propose a multifac-
torial RTS test battery. A combination of both 
physical and psychological elements is included in 
the RTS test battery. The concept presented in this 
chapter highlights a close cooperation between all 
members within a multidisciplinary team, facili-
tating a shared decision-making process.
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37.1  Introduction
Medial collateral ligament (MCL) injuries are a 
common and debilitating injury in football play-
ers. Time lost to injury is significant and contrib-
utes to the overall success of the football club [1]. 
Understanding the anatomy, appropriate clinical 
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examination technique, and accurate imaging 
workup are paramount to diagnosis and subse-
quent treatment. Clinical suspicion for concomi-
tant injury to other knee structures must be high. 
Once the full extent of the injury has been 
assessed and treatment provided, return to play 
(RTP) algorithms can be initiated.
37.2  Epidemiology
The MCL is the most commonly injured knee 
ligament in professional football with an 
injury rate of approximately 0.33 injuries per 
1000 player hours [2, 3]. This correlates to 
two MCL injuries every season in a 25-player 
squad. Fifty- seven percent of all football inju-
ries occur during match play and 43% during 
training, with an overall injury rate seven 
times greater during match play compared to 
training [4, 5].
Notably, injuries to the MCL occur at a rate of 
nine times greater during match play when com-
pared to training, and the median layoff is 16 days 
until a player is in full training and available for 
match play [3]. Furthermore, previous injury to 
the knee is associated with an increased risk of 
new knee injury and threefold greater risk of iden-
tical injury to the same knee [6, 7]. Fortunately, 
the MCL injury rate has decreased over the last 
11 years, while injury rates for muscles, other soft 
tissues, and overall injuries have remained con-
stant despite increases in total exposure hours due 
to increased amounts of training relative to match 
play [3, 4, 8]. This decrease could possibly be 
explained by improvements in treatment and 
rehabilitation as well as preventative neuromus-
cular training methods. Given that MCL injuries 
are usually the result of a contact mechanism, this 
decrease may also be in part due to stricter offici-
ating or a shift in football tactics that emphasize a 
technical as opposed to physical style of play.
37.3  Anatomy
The medial collateral ligament is a static stabi-
lizer to the knee and is the largest structure on its 
medial aspect (Fig. 37.1). It is composed of two 
portions, the superficial MCL (sMCL) and deep 
MCL (dMCL). Medial stability is also con-
ferred by the posterior oblique ligament which is 
intimately associated with the MCL insertion on 
the tibia [9].
Fig. 37.1 The left image illustrates the superficial layer 
of the medial side of the knee highlighting the superficial 
MCL (sMCL), posterior oblique ligament (POL), semi-
membranosus (SM), and adductor magnus (AM). In the 
right image, the sMCL has been removed revealing the 
medial epicondyle (*), medial meniscus (MM), as well as 
the meniscofemoral (MF) and meniscotibial (MT) por-
tions of the deep MCL
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37.3.1  Superficial Medial Collateral 
Ligament
The sMCL has one femoral attachment and two 
tibial attachment sites. Recent quantitative ana-
tomic studies have found the femoral origin to be 
slightly oval in shape and located 3.2 mm proxi-
mal and 4.8 mm posterior to the medial epicon-
dyle [9]. The proximal aspect of the tibial 
insertion site attaches to the anterior aspect of the 
semimembranosus tendon approximately 12 mm 
distal to the tibial joint line, while the distal 
aspect attaches directly to bone approximately 
46–60 mm distal to the tibial joint line [9, 10]. 
The inferior medial geniculate artery and vein 
course between the proximal and distal attach-
ment sites [9–11].
37.3.2  Deep Medial Collateral 
Ligament (Mid-third Medial 
Capsular Ligament)
The deep fibers of the MCL are confluent with 
the medial joint capsule and medial meniscus and 
are comprised of two components, the menisco-
tibial and meniscofemoral ligaments [11].
The meniscofemoral ligament attaches 
approximately 10–13 mm distal and deep to the 
sMCL, while the meniscotibial ligament, which 
is thicker and shorter than the meniscofemoral 
ligament, attaches 3–4 mm distal to the medial 
tibial joint line [9, 12].
37.3.3  Posterior Oblique Ligament
There is wide variation in the literature regarding 
the femoral attachment site of the posterior 
oblique ligament (POL), ranging from the adduc-
tor tubercle to slightly distal to the gastrocnemius 
tubercle [9, 13, 14]. Distally the POL has three 
fascial attachments, the central, capsular, and 
peripheral, which help stabilize the posterome-
dial aspect of the knee. The central portion 
attaches to the posterior edge of the tibia and the 
upper edge of the semimembranosus tendon. The 
capsular portion blends with the posteromedial 
capsule and a portion of the oblique popliteal 
ligament, forming the posteromedial corner. The 
peripheral portion attaches the semimembrano-
sus sheath and to the tibia distal to the semimem-
branosus tendon insertion [9, 13, 15, 16].
37.3.4  Healing Potential
The sMCL has an abundant vascular supply, and 
healing follows the model of hemorrhage, inflam-
mation, repair, and remodeling [17, 18]. Rabbit 
studies have shown an increase in vascularity 
16 weeks after partial transection of the MCL 
[19, 20]. Additionally, animal models have dem-
onstrated that the MCL healing is location depen-
dent. Midsubstance tears heal quicker than tears 
near the insertion sites [21]. Immobilization also 
plays a role in healing potential of the 
sMCL. Recent animal models have demonstrated 
increased collagen degradation and reduction of 
collagen mass after 12 weeks of immobilization 
[22]. Another study demonstrated that an immo-
bilized MCL failed to increase in mass, and dem-
onstrated declining collagen synthetic rates, as 
compared to a non-immobilized MCL [23].
37.4  Mechanism of Injury
Injury to the MCL most commonly stems from a 
valgus moment applied to the lateral knee or a 
combination of valgus force and external rotation 
of the tibia [24, 25]. Biomechanical studies con-
firm that the sMCL experiences the greatest load 
with valgus and external rotation moments, while 
internal rotation near full extension results in 
maximal load of the POL [26]. Approximately 
70% of injuries to the MCL during football result 
from direct contact with another player or object 
[3]. This is in contrast to anterior cruciate liga-
ment (ACL) injuries where 63% are noncontact 
in nature [27]. Colliding with an opponent, tack-
ling, and blocking are the most commonly 
described mechanisms for MCL injury [2, 3].
The rate of MCL injuries increases signifi-
cantly during the final 15 min of each half during 
competition suggesting either the additive effects 
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of fatigue render players unable to react to con-
tact with the same quickness or an elevated com-
petition intensity instigates more player contact 
during the closing minutes [3]. Successful injury 
prevention through the implementation of neuro-
muscular training warm-ups and multimodal 
interventions in youth and female football play-
ers implies that there is an internal biomechanical 
or muscular contribution to injury risk [28–31]. 
But, these interventions have not been specifi-
cally studied with respect to MCL injury, nor 
have they been studied in the elite football player 
population. It is possible that movement patterns 
and neuromuscular conditioning have already 
been well established in the elite playing popula-
tion such that these interventions may not be 
effective [4].
37.5  Clinical Presentation
37.5.1  History
Patients presenting with MCL injury may report 
feeling a pop and present with localized pain and 
tenderness along the medial aspect of the knee. 
Localized swelling and bruising can occur, espe-
cially with higher-grade injuries, but normally no 
early intra-articular effusion is present. Patients 
will often complain of side-to-side instability, 
especially during cutting or pivoting exercises.
37.5.2  Physical Examination
Initial management of acute injuries includes a 
physical examination that should be carried out 
as soon as possible after the injury occurs. This 
allows for an accurate examination before any 
swelling and muscle spasms commence. Any 
open wounds, erythema, and localized swelling 
or ecchymosis about the medial aspect of knee 
should be noted. Palpation may elicit pain about 
the femoral and tibial attachment sites or along 
the midsubstance of the ligament. A neurovascu-
lar examination is also critical to rule out a com-
plex knee injury or knee dislocation in more 
severe injuries.
Applying a valgus stress to the knee in maxi-
mum extension and 30° of flexion can help clas-
sify an MCL injury and possibly concomitant 
cruciate ligament injuries. There should be no 
laxity to valgus stress in full extension with an 
isolated sMCL injury. Valgus stress at 30° of flex-
ion can detect an MCL injury, and has been his-
torically classified as grade I with opening 
<5 mm, grade II with opening between 5 and 
10 mm, and grade III with opening >10 mm [32]. 
Increased medial joint line opening with valgus 
stress at 0° and 30° of extension indicates an 
injury to the MCL and cruciate ligaments [13, 33, 
34]. In all footballers with acute knee trauma, the 
examiner should perform the Lachman, pivot 
shift, anterior drawer, and posterior drawer tests 
to further delineate the extent of the injury.
Injury to multiple structures on the medial 
side of the knee can cause anteromedial rotatory 
instability, which is defined as anterior transla-
tion and external rotation of the tibia with respect 
to the femur [35]. This rotational instability is 
magnified as knee flexion increases [36]. 
However, it is important to note that this external 
rotational instability is often confused with a pos-
terolateral corner injury, especially with a con-
comitant ACL injury. Therefore, a detailed 
physical examination must be performed to 
ascertain to the source of the injury.
Rotational stability can be assessed with the 
anteromedial drawer test, also known as the 
Swain test [37]. The knee is placed into 90° of 
flexion with an external rotation torque applied to 
the knee, thus placing the collateral ligaments on 
stretch. Pain, or increased external rotation as 
compared to the contralateral knee, is considered 
a positive test and can indicate an injury to the 
POL or posteromedial capsule [13].
37.6  Diagnostic Imaging
Imaging in the setting of MCL injury plays a key 
role not only in determining injury severity but 
also aids physicians in identifying other concom-
itant knee injuries. Both of these factors are 
important in dictating treatment for the injured 
athlete. Plain radiographs and magnetic reso-
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nance imaging (MRI) are the chief imaging 
modalities used, but computed tomography (CT) 
and ultrasound (US) are indicated in specific 
instances.
37.6.1  Radiographs
Evaluation of the injured athlete should always 
begin with plain radiographs, as they are gener-
ally easy to obtain, low cost, and can provide a 
wealth of information. If tolerated a standard 
weight-bearing anteroposterior (AP) view, lateral 
view in 30° of flexion, and Merchant view of the 
patella are obtained. Plain radiographs in the set-
ting of suspected isolated MCL injury are fre-
quently normal, but subtle findings maybe present 
which indicate more significant injury.
The clinician should closely scrutinize radio-
graphs for any evidence of bony avulsions, asso-
ciated tibial plateau or distal femur fractures, a 
nonconcentric tibiofemoral articulation, and joint 
space widening medially. At times, a “reverse 
Segond” fracture may be seen, which is charac-
terized by a small, elliptical fragment of the bone 
at the proximal medial tibial plateau [38]. This 
represents an avulsion of the deep capsular com-
ponent of the MCL and although rare, when seen, 
injury to the medial meniscus and posterior cru-
ciate ligament (PCL) should be suspected [39, 
40]. Furthermore, small avulsion fractures may 
also occur posteromedially off the tibial plateau 
and appear as a small bony fragment displaced 
posterosuperiorly on lateral knee radiographs 
[41]. This represents avulsion of the semimem-
branosus tendon, raising suspicion for anterome-
dial rotatory instability of the knee [39].
In contrast to conventional radiographs, stress 
radiographs provide additional insight into the 
severity of injury to the medial structures of the 
knee. While physical examination allows subjec-
tive grading of medial gapping, stress radio-
graphs allow for objective measurements to be 
taken. Attempts have been made to standardize 
how stress radiographs are performed, but cur-
rently no universal standard has been agreed 
upon [42–44]. In cadaver studies under clinician- 
applied valgus stress, in comparison to the con-
tralateral knee, medial joint space widening of 
>1.7 mm and >3.2 mm at 0° and 20° of flexion is 
indicative of an isolated complete rupture of the 
sMCL [45]. Further widening of >6.5 mm and 
>9.8 mm at 0° and 20° of flexion, respectively, 
signals complete rupture of the sMCL, dMCL, 
and POL [45].
Stress radiographs are also useful when 
assessing the pediatric athlete with suspected 
medial-sided knee injury. In the setting of open 
physes, Salter-Harris I or II injuries can be eas-
ily misdiagnosed as MCL injury [42]. In addi-
tion to subtle physeal widening on conventional 
radiographs, stress radiographs can be used to 
discern between these injuries, which differ 
significantly in terms of treatment and progno-
sis [46, 47].
37.6.2  Magnetic Resonance Imaging
MRI given its ability to visualize soft tissue 
structures in great detail, is a valuable tool in 
evaluating MCL injuries and ruling out other 
associated injuries such as ACL rupture or 
tearing of the menisci. The MCL is best evalu-
ated on T2-weighted coronal images such that 
the entire sMCL can be visualized from its ori-
gin near the femoral epicondyle to its attach-
ment approximately 6 cm distal to joint line on 
the tibia [48]. When evaluating the MCL, it is 
important to discern the sMCL, the dMCL 
(with associated meniscotibial and menisco-
femoral ligaments), and the interposed bursa 
[12]. It is also prudent to closely scrutinize the 
structures of the posteromedial corner, namely, 
the semimembranosus, POL, and posterome-
dial capsule [49].
The severity of the injury should be graded, 
and whether the injury is a tibial or femoral avul-
sion versus a midsubstance rupture should be 
noted (Fig. 37.2). It is also critical to remember 
that MRI is not a substitute for a detailed physical 
examination, as the correlation between radio-
graphic severity and clinical laxity is inconsis-
tent. Grade I MCL injuries on MRI are 
characterized by intact fibers with surrounding 
edema. Progressive injury with partial ligament 
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disruption is consistent with grade II injury, while 
complete disruption of the ligament is indicative 
of grade III injury [48].
Several injury patterns on MRI warrant spe-
cial mention and the clinician should maintain a 
high index of suspicion as their management dif-
fers from that of standard MCL injuries. The first 
of these are grade III tibial avulsions of both the 
sMCL and dMCL. These injuries are character-
ized by disruption of the meniscotibial portion, 
and non-operative treatment has frequently 
resulted in poor results [50]. In another subset of 
tibial-sided sMCL avulsions, if sufficient proxi-
mal ligament retraction is present, interposition 
of the overlying pes anserine tendon may occur. 
This characteristic injury pattern has been termed 
the “Stener lesion of the knee” [51]. The final 
pattern of injury that warrants special attention is 
isolated grade III disruption of the femoral attach-
ment of the dMCL with an overlying grade I/II 
femoral-sided sMCL injury. This injury pattern is 
commonly seen in professional footballers that 
present with chronic medial-sided knee symp-
toms after an initial diagnosis of a grade I/II MCL 
injury [52].
37.6.3  Computerized Tomography 
and Ultrasound
CT in the setting of MCL injury is rarely utilized. 
When additional fractures to the tibial plateau or 
distal femur are suspected, a CT can provide 
valuable additional information. The use of US to 
assess in the integrity of the MCL and other liga-
ments of the knee has noted some recent renewed 
interest [42, 53]. Given the detail and availability 
of MRI, coupled with the lack of familiarity 
many medical practitioners have with US, its use 
in the setting of MCL injury currently remains 
limited.
37.7  Treatment
37.7.1  Grade I and Grade II Injuries
The treatment of MCL injury is often dictated by 
the clinical severity. Isolated and combined grade 
I and grade II injuries have historically been 
treated non-operatively. In contrast to the ACL, 
the MCL is extra-articular and well vascularized, 
Fact Box 1
Evaluation should always be with standard 
anteroposterior, 30° lateral flexion, and 
Merchant patellar knee radiographs.
Stress radiographs are performed at 0° 
and 20° of flexion. When compared to the 
contralateral knee medial joint space wid-
ening of:
• >1.7 mm and >3.2 mm indicates iso-
lated complete sMCL injury.
• >6.5 mm and >9.8 mm indicates com-
plete injury to the sMCL, dMCL, and 
POL.
sMCL and dMCL injury location and 
grade should be evaluated on MRI with 
increased severity raising the suspicion for 
concurrent ACL and POL injury.
Fig. 37.2 Coronal T2 fat-saturated MRI image of right 
knee. Grade III midsubstance rupture of the sMCL is 
noted with overlying soft tissue edema. Grade III injury of 
the dMCL is also present. Note bony edema of the lateral 
femoral condyle secondary to concurrent Grade II ACL 
injury
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which is a favorable environment for healing 
with non-operative treatment [24, 54]. Based on 
multiple animal studies, the healing of the MCL 
can be broken down in to four overlapping 
phases: hemorrhage, inflammation, repair, and 
remodeling [54–58].
Generally, athletes require a short period of rest 
followed by a structured and staged rehabilitation 
program. The use of a hinged brace is not sup-
ported by high-quality evidence but may facilitate 
early motion in the acute post-injury period, espe-
cially in grade II injuries [24, 34, 54, 59].
Within the literature, excellent results have 
been reported consistently with non-operative 
treatment of isolated grade I and grade II MCL 
injuries. Kannus, in a retrospective review of 54 
partial MCL injuries at 9 years, reported a mean 
Lysholm score of 94 among patients.[60] In a 
prospective cohort of 37 patients, Lundberg and 
Messner reported median Lysholm scores of 96.5 
and 100 at 3-month and 4-year follow-up, respec-
tively [61]. At 10-year follow-up, the median 
Lysholm score was significantly lower at 95, but 
this is likely clinically insignificant, as patients 
were still performing at high levels of activity.
Although the vast majority of grade I and 
grade II MCL injuries respond well to non- 
operative treatment, a specific subcategory of 
injuries can at times be recalcitrant to non- 
operative treatment and cause persistent symp-
toms. An injury pattern frequently encountered in 
footballers that requires particular attention pres-
ents with pain that is localized just inferior to the 
femoral epicondyle. Occasionally a palpable 
thickening of the proximal MCL is also present 
[52]. Cutting drills, cross-field passing, and any 
activities where an external rotation type force 
was applied to the tibia were reported as painful, 
while straight-line running and simple forceful 
striking of the ball with the dorsum of the foot 
was well tolerated. MRI findings in these patients 
demonstrated grade I or grade II injury to the 
sMCL but complete rupture of the dMCL from 
its femoral origin. Although successful treatment 
of this injury pattern with US-guided cortisone 
injections has been reported among mainly recre-
ational athletes, results maybe more variable for 
higher level athletes [62]. In a case series of 15 
professional athletes (the majority being profes-
sional footballers) that were initially treated with 
US-guided injection, all had recurrent symptoms 
at 4 weeks and went on to have surgical treatment 
[52, 62]. Twelve weeks after operative repair, all 
patients were asymptomatic and returned to full 
training. All patients remained asymptomatic at a 
final mean follow-up of 48 weeks.
37.7.2  Grade III Injury
Treatment of isolated grade III MCL injury 
should begin with a trial of non-operative treat-
ment [24, 54, 59]. Indelicato was the first to 
report equivalent patient outcomes with operative 
repair and non-operative treatment, and since 
then, multiple authors have reported similar suc-
cess with non-operative treatment [54, 63–67]. 
The principals of early weight bearing and range 
of motion exercises cannot be overemphasized 
[34]. Athletes should be counseled that although 
RTP is expected, residual laxity when compared 
to the contralateral uninjured knee is common-
place. Bracing in the setting of isolated grade III 
injuries remains controversial, and some authors 
suggest it may be beneficial in the setting of 
tibial- sided lesions given their lower propensity 
to heal [50, 68].
In some instances, operative treatment of 
isolated grade III MCL injuries is required 
(Fig. 37.3). The first of these instances is with 
the aforementioned “Stener lesion of the knee” 
[51, 68]. Early operative repair is required to 
remove the interposed tissue before the resid-
ual MCL can be reattached to its tibial inser-
tion, usually with a screw and soft tissue 
washer-type construct. The second case in 
which surgical  treatment is warranted is if 
chronic pain or instability persists after non-
operative treatment [24, 34, 68, 69]. This is 
more likely to occur in cases of repeat injury or 
grade III tibial-sided injuries where both the 
sMCL and dMCL are completely avulsed [50, 
69]. In the acute or subacute setting, tissue can 
be robust enough to allow primary repair, but 
surgeons should have a low threshold to con-
sider augmentation with allograft or autograft 
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reconstruction if tissue quality is a concern 
[68]. It is also important to counsel patients 
that irrespective of non-operative or operative 
treatment, residual valgus laxity will always 
remain after grade III MCL injury [59].
37.7.3  Concurrent ACL Injury
Concurrent ACL ruptures in the setting of MCL 
injury have generally been treated either with 
immediate ACL reconstruction coupled with 
MCL repair/reconstruction or with non-operative 
treatment of the MCL injury via dedicated reha-
bilitation protocol and delayed ACL reconstruc-
tion [24, 54, 68].
Proponents of immediate surgical treat-
ment cite that the increased valgus laxity 
present in MCL-deficient patients’ places 
increased forces across the newly recon-
structed ACL and therefore may predispose it 
to failure [54, 70–72]. Residual laxity after 
ACL reconstruction in patients who did and 
did not have concurrent MCL injury at the 
time of surgery has been studied in detail 
[73]. Despite increased anterior, posterior, 
and valgus laxity noted in patients with con-
current injury, the clinical significance of 
these findings remains unclear, as to date 
increased ACL re-rupture rates in the setting 
of MCL injury have not been reported.
On the contrary, those favoring ACL recon-
struction after healing of the MCL injury fear 
the higher rates of arthrofibrosis reported with 
combined ACL/MCL procedures [54, 74]. A 
recent randomized control trial of operative 
repair versus non-operative treatment of grade 
III MCL injury in the setting of ACL recon-
struction found that in 47 patients, there was 
no difference in Lysholm or IKDC functional 
scores, range of motion, or side-to-side differ-
ence of medial joint space gapping on stress 
radiography [75].
Given the quality of this evidence, many 
authors now agree that in the setting of grade III 
ACL/MCL injury, a 6-week trial of non-opera-
tive treatment for the MCL is warranted while 
concurrently undergoing preoperative rehabili-
tation for eventual ACL reconstruction [24, 49, 
54, 68]. At the time of ACL reconstruction, an 
examination under anesthesia is critical. If the 
MCL remain incompetent at 30° of flexion with 
no end point, a concomitant MCL repair or 
reconstruction is performed. Furthermore, fol-
lowing conservative management of a high-
grade MCL injury, the use of hamstring tendon 
autograft for ACL reconstruction should be 
approached with caution. Significant scarring 
can obscure tissue planes rendering dissection 
of the gracilis and semitendinosus tendons dif-
ficult and increasing the risk of graft truncation 
during harvest.
Fig. 37.3 After failure of non-operative management of 
Grade III tibial-sided MCL avulsion with significant 
retraction, open repair was performed. Note the 
arthroscopic “drive-through sign” present in the medial 
compartment and the sutures placed in remnant MCL tis-
sue. The image on the right was taken after tibial fixation 
of MCL tissue. The medial compartment has been closed 
down, and the “drive-through sign” has been eliminated
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37.7.4  Anteromedial Rotatory 
Instability 
and Multiligamentous Knee 
Injury
When diagnosing an athlete with a grade III MCL 
injury, it is important to always consider the pres-
ence of anteromedial rotatory instability and 
multiligamentous knee injury. In the setting of 
acute anteromedial rotatory instability, early 
aggressive surgical treatment is recommended by 
most authors [49, 54, 68]. This can be repaired or 
reconstructed depending on tissue quality. A 
detailed discussion of multiligamentous knee 
injury in football players is beyond the scope of 
this chapter.
37.7.5  Emerging Treatments
Treatment of ligament and tendon injuries in the 
field of sports medicine with injection of platelet- 
rich plasma (PRP) is an emerging treatment. With 
regard to the MCL, there is currently conflicting 
animal evidence to suggest efficacy. A histologi-
cal examination of full-thickness MCL injuries in 
rabbits treated with a single dose of PRP, found 
increased blood vessel density at 3 weeks while 
at 6 weeks collagen alignment was improved 
when compared to controls [76]. In contrast in a 
study performed on rats, no difference in histo-
logic or biomechanical properties was noted at 
3 weeks between treatment and controls after a 
single PRP or saline injection in the setting of a 
full-thickness MCL injury [77].
To date a single case report is published of a 
27-year-old professional football player with a 
grade III femoral-sided MCL injury [78]. 
Treatment involved a single injection of PRP per-
formed within 48–72 hours of injury without 
image guidance. Treatment also consisted of a 
standardized rehabilitation protocol. Training 
resumed 18 days post-injury, and the patient was 
able to play in a match at 25 days with no symp-
toms or functional deficits.
While treatment of MCL injuries with PRP is 
promising, caution should be exercised. Currently 
high-level evidence in regards to PRP prepara-
tion, injection number, injection timing, and 
overall efficacy is lacking.
37.8  Rehabilitation
37.8.1  Rehabilitation After Non- 
operative Treatment
Isolated grade I and II MCL injuries can be 
treated non-operatively, with a concentration on 
early rehabilitation. Functional bracing of the 
extremity is utilized as it assists with stability 
while also allowing full range of motion (ROM) 
of the knee. Weight bearing is encouraged once 
pain subsides, with full ROM exercises and pro-
gressive strengthening exercises. Optimal load-
ing of injured tissues even in the acute phase is 
important as it results in improved long-term 
strength and morphological characteristics of 
collagenous tissues [79]. Numerous rehabilita-
tion protocols have been described, but they all 
follow the same general principles: early weight 
bearing and ROM, followed by progressive 
strengthening of the quadriceps and hamstrings, 
and finally RTP [54, 80].
Grade III MCL injuries can also be success-
fully treated with non-operative management 
Fact Box 2
Grade I and II as well as isolated grade III 
MCL injuries generally respond well to 
non-operative management.
Concurrent ACL/MCL injury should 
initially be treated with 6 weeks of non- 
operative treatment after which the integ-
rity of the MCL on examination under 
anesthesia dictates whether repair or recon-
struction of the ligament is warranted.
Anteromedial rotatory instability, grade 
III tibial-sided avulsions, grade III femoral- 
sided dMCL with overlying grade I/II 
sMCL, and “Stener lesions of the knee” 
require special attention.
37 Return to Play After Complex Knee Injuries: Return to Play After Medial Collateral Ligament Injuries
pieter.orthopedie@gmail.com
518
with good long-term results [3]. Historically, 
treatment consisted of a longer period of 
 immobilization than grade I and II, mostly due to 
injury of both the superficial and deep portions of 
the MCL. However, many authors advise against 
prolonged immobilization due to the detrimental 
effects on ligament healing [19, 20, 23]. Similar 
to the treatment of lower-grade injuries, immedi-
ate ROM and aggressive early rehabilitation is 
now advocated [65]. Although timelines are use-
ful to coaches and players as estimates for RTP, it 
should be emphasized that staged, goal-oriented 
rehabilitation protocols are recommended and 
require the injured athlete to meet certain criteria 
before progressing and ultimately returning to 
play [81, 82]. A protocol for rehabilitation and 
RTP after MCL injury adapted from studies by 
Kim et al. and Logan et al. is depicted in 
Table 37.1 [82, 83].
37.8.2  Rehabilitation After Operative 
Treatment
Treatment protocols after MCL surgery varies 
depending on the severity of the injury and is 
heavily influenced by concomitant cruciate liga-
ment reconstruction. However, most postopera-
tive programs for surgically treated MCL injuries 
follow the same general protocol as those treated 
non-operatively except for several modifications.
37.8.2.1  Phase I Modifications
The knee is placed into a hinged knee brace 
locked in extension for the first 4–6 weeks with 
the exception of immediate passive ROM exer-
cises performed with a therapist. Range of motion 
is generally limited to 0–90° for the first 3 weeks 
before being progressed to as tolerated [34]. The 
goal is active ROM from 0° to 120° by 6 weeks. 
Table 37.1 Three-phase rehabilitation protocol for medial collateral ligament injuries of the knee
Phase I (acute phase) treatment goal Intervention
Protect injury and promote healing Bracing: although evidence is lacking, use of a hinged knee brace with 
unrestricted ROM can be used to prevent further valgus stress until 
quadriceps function and gait normalize
Rest and education: the injured player should be educated on what a 
valgus knee force is and how it can be avoided during activities of 
daily living. A common example is dragging the foot of the injured 
extremity during the initial swing phase of gait
Limit swelling and inflammation Cryotherapy: (cold whirlpool immersion, intermittent application of 
ice, application of commercially available joint-specific compression 
sleeves which cycle cold water)
Modalities: neuromuscular electrical stimulation, ultrasound
Elevation, elastic compression wraps
Progression to full weight bearing, 
regaining ROM, and muscle activation
Progressively wean from all gait aids. Begin with passive ROM 
progressing to active assisted ROM and finally active ROM. Initiate 
training on stationary bike as this will also aid in maintaining stamina
Normalizing gait Gait training which can be initiated in a low resistance aquatic 
environment
Criteria for progression to phase II:
• Minimal effusion
• AROM from 0° to 120°
• Ability to straight-leg raise without quadriceps lag
• Normalized gait
Phase II (motor control phase) goals Intervention
Initiate strengthening Strength training: progress gradually from closed chain to open chain 
increasing resistance. Exercises should focus on dynamic knee 
stabilizers especially the quadriceps and hamstring
Strengthening of additional lower extremity stabilizers such as gluteal 
musculature, gastrocnemius, and soleus should be initiated
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The patient however is toe-touch weight bearing 
for the first 6 weeks and is then progressed to 
weight bearing as tolerated with gradual weaning 
from gait aids. Patellar mobilization should also 
begin immediately after surgery to avoid the 
development of fibrosis in the suprapatellar 
pouch and to facilitate quadriceps activation [82]. 
Close attention should also be paid to the surgical 
wounds ensuring appropriate healing with no 
signs of infection. Aquatic therapy should not be 
initiated until all wounds are closed, and clear-
ance is obtained from the treating surgeon. 
Strengthening in the form of quadriceps sets, 
straight-leg raises, and ankle pumps should also 
be initiated within the first week of surgery. 
Typically the patient can be transitioned from a 
long postoperative hinged brace to a short func-
tional hinged brace when a straight-leg raise can 
be performed without quadriceps lag [83]. The 
use of anti-inflammatory medications postopera-
tively is controversial and surgeon specific. In 
order to progress to phase 2 of the rehabilitation 
protocol, operatively treated patients must meet 
all the criteria outlined in the phase I non- 
operative rehabilitation protocol but also be fully 
weight bearing without any gait aids [82].
37.8.2.2  Phase II and Phase III 
Modifications
Both phase II and phase III are expected to be 
prolonged in the surgically treated patient. This 
is due to the greater degree of muscle atrophy 
and proprioceptive dysfunction experienced by 
these patients [83]. As a result, the benefit of 
aquatic or harness-based treadmill jogging exer-
cises also increases as it allows for safer correc-
tion of asymmetric running [82]. Although 
evidence is lacking, functional brace use can be 
discontinued during phase III of the rehabilita-
tion process. Once RTP guidelines are met, 
there is no evidence that continued bracing pre-
vents future injury in football [54, 82]. Bracing 
Table 37.1 (continued)
Address causative factors Full assessment of the athlete should be performed looking for weak 
hip abductors/external rotators, foot pronation, weak core musculature, 
or abnormal running mechanics. Review video of the injury identifying 
means to avoid repeated injury in future
Straight-line jogging Initiate straight-line jogging first in an aquatic environment or harness 
supported treadmill. Can progress to normal flat soft surfaces such as a 
rubberized track, artificial turf, or grass
Can use alternating jogging, rapid walking to work on 
cardiorespiratory fitness. Focus also on jogging distance common in 
football such as 20–30 min at a time
Criteria for progression to phase III:
• Comparable strength to unaffected lower extremity on manual muscle tests
• No symptoms with straight-line jogging
• Potential additional causative factors identified and being actively addressed
Phase III (return to sport phase)
Progress from jog to spring Interval training (sprinting followed by jogging) with focus on 
sprinting distances common in football such 15–20 m. Gradually 
increase repetition as speed and if progressing well introduce 
straight-line ball control/passing and shooting drills
Incorporate football-specific training Proprioception and plyometric exercises (e.g., single-leg lateral jump) 
can be initiated with introduction of gentle cutting and change in 
direction. If progressing well can introduce ball control/passing and 
shooting drills which involve lateral movement and cutting
Frequent reassessment and careful 
progression
Ensure to reassess the footballer for symptoms with each step up in 
activity and intensity Persistent or new symptoms should be carefully 
evaluated and appropriately treated
Perform performance tests to judge RTP See Sect. 9 below
ROM range of motion, RTP return to play
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can, however, be indicated during the final 
sports specific on field rehabilitation stage 
before full release to RTP.
37.9  Return to Play
Final RTP occurs once patient can practice 
without pain, quadriceps and hamstring strength 
has reached that of the contralateral side, and 
physical examination demonstrates a stable and 
essentially non-tender ligament with a firm end 
point [24, 54, 80, 82]. Multiple tests have been 
proposed to assess muscle strength, propriocep-
tion, and neuromuscular control. These include 
quadriceps index dynamometer testing, the 
Y-balance test, single-legged hop for distance, 
and single- legged triple hop for distance [82]. In 
all instances a value of at least 90% (preferably 
100%) compared to the opposite uninjured limb 
indicates an injured player can RTP. Evidence 
however is lacking as to which test is best at 
assessing RTP or predicting reinjury rates [84].
It is important to note that meeting full RTP 
criteria indicates that a footballer may return to 
full training including tackling with their respec-
tive team. At this point the ultimate decision as to 
what level a player may return to is at the discre-
tion of the coaching staff. Communication 
between the medical and coaching staff however 
is paramount in ensuring safe RTP. At the youth 
or amateur level, involvement of the coaching 
staff in simple stepwise protocol where increased 
stress is placed on the injured knee has been 
shown to lower reinjury rates [81]. According to 
the protocol drafted by Hägglund et al., following 
mild injuries (4–7 day of absence), two full train-
ing sessions without subsequent pain or swelling 
were required before a player was deemed fit for 
match selection. For moderate (8–28 day 
absence) and severe (>28 day absence) injuries, 
three and four such training sessions were 
required, respectively [81]. Such an algorithm 
seems therefore reasonable to apply for most 
coaches acting without any club medical support 
in the RTP process after grade I and II MCL 
injuries.
Timelines for RTP are highly variable and 
dependent on factors such as history of previ-
ous injury, injury severity, and presence of 
other concomitant knee injuries such as ACL 
rupture or meniscal pathology. A recent study 
that reported on 346 MCL injuries among 27 
professional European football teams over 11 
seasons demonstrated that the mean time from 
injury to RTP was 23 days [3]. Layoff times 
however were not separated based on injury 
grade, and therefore the median time of 16 days 
suggests a preponderance of grade I and uncom-
plicated grade II injuries in their sample. 
Another study looking at high school American 
football players demonstrated that those with 
grade I MCL injuries returned 10.6 days after 
injury, while those with grade II MCL injuries 
returned 19.5 days after injury [85]. In a study 
of collegiate American football players, a mean 
RTP time of 10.6 days and 19.5 days was 
reported for grade I and grade II MCL injuries, 
respectively [85]. Similar results were found in 
another prospective cohort of collegiate 
American football players with grade I or II 
injuries where a mean RTP time of 21 days was 
observed [86]. Based on this evidence, we esti-
mate that footballers with grade I MCL injuries 
that are treated non-operatively can safely RTP 
after 2–3 weeks, while those with grade II inju-
ries require 3–6 weeks.
Fact Box 3
The pillars of non-operative treatment of 
MCL injuries:
• Early weight bearing
• Aggressive ROM exercises
• Quadriceps and hamstring strengthening
Return to play should be considered 
when quadriceps and hamstring strength 
has reached at least 90% of the contralat-
eral side, physical exam demonstrates a 
stable ligament with a firm end point, and 
the player has regained physical function 
and psychological readiness to return.
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The reported timelines for both non-operative 
and operatively treated grade III injuries are more 
variable. American football players at the high 
school level treated non-operatively were 
reported to RTP at mean time of 34 days [64]. In 
a cohort of collegiate American football players, 
full contact play was permitted at a mean of 
9.2 weeks [63]. When looking at athletes other 
than American football players, recovery after 
non-operative treatment in the order of 
8–12 weeks has been reported [65]. RTP in oper-
atively treated patients with either MCL repair or 
reconstruction is even more variable but is esti-
mated at 6–9 months [68]. Based on the current 
evidence, football players treated non-operatively 
with grade III injuries can be expected to RTP at 
10–12 weeks. The role of systematic stepwise 
goal-oriented rehabilitation programs becomes 
increasingly important with higher-grade inju-
ries. In contrast to those with grade I/II injuries, 
long-term follow-up has shown that those with 
grade III injuries irrespective of treatment will 
have some residual laxity and possibly an 
increased risk of premature knee osteoarthritis 
[60, 65].
Take-Home Message An accurate history and 
physical examination are cornerstones to accu-
rate diagnosis of MCL injuries with radiographic 
studies used to augment clinical findings.
• Given its extra-articular location, the MCL in 
the vast majority of cases when injured in iso-
lation or on conjunction with the ACL 
responds well to non-operative treatment, but 
with higher-grade MCL injuries, clinicians 
should remain highly suspicious for multiliga-
mentous knee injury and anteromedial rota-
tory instability.
• The principles of non-operative treatment 
include early weight bearing, aggressive range 
of motion exercises, and progressive strength-
ening of the quadriceps and hamstrings mus-
cles in the context of a staged goal-oriented 
rehabilitation protocol.
• Final RTP is recommended once the patient 
can practice without pain, quadriceps and 
hamstring strength has reached at least 90% of 
the contralateral side, physical examination 
demonstrates a stable ligament with a firm end 
point, and physical and psychological func-
tion is restored.
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38.1  Introduction
The medial collateral ligament (MCL) is com-
monly injured in sport, occupying approximately 
30% of isolated knee ligament injuries and an 
additional 13% of combined injuries [1]. Of all 
knee injuries in soccer, the medial collateral liga-
ment is the most frequently injured structure 
among all levels of play and all age groups. The 
blood supply is extensive, dwindling proximal to 
distal, commonly leading to primary healing and 
effective resolution of the instability [2]. Chronic 
symptoms may develop due to laxity and insta-
bility, or alternatively the primary symptom may 
be persistent pain. Persistent pain may develop 
due to pathological scar, calcification or bursitis. 
High-grade injuries, especially in setting of com-
bined ligament injury, are more likely to heal 
with persistent laxity.
38.2  Epidemiology
Knee instability often occurs in multiple planes 
with rotational and translational instability in 
addition to valgus instability. Football players 
are often exposed to MCL injuries due to the 
nature of the sport. Frequent valgus forces stress 
the knee during contact made in tackles, espe-
cially when the foot is planted, and also landing 
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under pressure from aerials or making rapid 
changes in direction. Depending on the degree 
of flexion of the knee, there may be a various 
component of torsional stress to the valgus 
force. External rotation of the tibia creates stress 
in the MCL rather than internal rotation [3]. 
Chronic medial instability can also result from 
failed ACL/PCL or combined ligament recon-
structions [4].
Injuries to the MCL are common, occupying 
over 40% of acute knee ligament injuries of the 
knee [1]. Roach examined data from 17,000 
army recruits with MCL injury and noted 
cadets lost time due to injury, with an average 
of 23 days, remarkably the same as the results 
gathered from the UEFA 11-year data review 
of MCL injuries [5]. The UEFA study also 
reveals the MCL is the sixth most commonly 
injury in elite footballers. Injury was nine 
times more common during match play than 
practice. At the professional level, a team with 
a roster of 25 players can expect two MCL 
injuries per season.
The ligament often heals reliably with non- 
operative management; however, up to 20% 
have been speculated to have persistent symp-
toms [6]. Chronic valgus instability is more 
likely after severe (grade III) MCL injuries but 
may develop also in repetative low-grade inju-
ries. Footballers have greater susceptibility to 
chronic symptoms in lesser grade injuries due 
to repetitive inside boot kicking and side to side 
movements.
38.3  Pathoanatomy
Classically the medial side of the knee is divided 
into three structures. The first layer, of the sarto-
rius and its fascia wrap around the knee. The sec-
ond layer, or superficial MCL, that starts medial 
and posterior to the medial epicondyle remains 
extracapsular and then inserts on soft tissue 
approximately 4.5 cm below the articular surface 
of the tibia. The broad insertion site continues 
distally, approximately 7 cm, eventually blending 
with the periosteum beneath the pes anserinus 
(Fig. 38.1). Layer III is the medial joint capsule 
which thickens to forms the deep MCL. The cap-
sule thickens into a vertically oriented band of 
short fibres representing the dMCL which forms 
directly under the parallel fibres of the superficial 
MCL [7]. The deep structure is a distinct but 
inseparable layer to the joint capsule. The deep 
MCL is divided into meniscofemoral and menis-
cotibial ligaments which insert directly onto the 
edge of the tibial plateau and medial meniscus. 
The superficial and deep MCL are separated by a 
bursa, though not routinely seen on imaging [8] 
(Fig. 38.2). This is biomechanically important 
for excursion of the ligaments during flexion and 











Fig. 38.1 Superficial 
MCL with origin at the 
medial epicondyle and 
long distal insertion 
below the pes anserinus
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extends distally, blending with the posteromedial 
capsule. The medial side of the knee is protected 
with dynamic stabilisers including the pes anseri-
nus when the knee is in terminal degrees of exten-
sion. The MCL is also supported by the vastus 
medialis with its attachments to the superficial 
MCL [9].
Persistent pain arising from low-grade inju-
ries has been hypothesised to arise from the 
deep MCL [10]. The superficial MCL has a 
well- described progression in healing as an 
extra- articular ligament. The deep MCL injury 
may be seen arthroscopically and theoretically 
may be compromised in healing if synovial 
fluid interrupts haematoma and progression of 
maturing collagen [11] (Fig. 38.3). Healing of 
the MCL following injury is optimal when the 
torn ends are in contact, but accumulation of 
large proteoglycans in the healing tissue has 
been implicated in ongoing inflammation. 
Pathological scar formation has poorer colla-
gen fibre properties with narrower fibrils, in a 
thicker healing MCL. This leads to weaker tis-
sue, with up to half the tensile strength of the 
normal MCL up to 2 years post injury, leaving 
vulnerability to further injury [4].
sMCL
dMCL
Fig. 38.2 Deep and superficial MCL with bursal space in 
between. Note also the attachment of the dMCL to the 
medial meniscus
Fig. 38.3 T1-weighted MRI coronal image of high- 
energy MCL injury with picture demonstrating displace-
ment of sMCL and dMCL into the joint space
Fact Box 1
MCL is the most common structure injured 
in the knee of footballers.
MCL trauma is the second most serious 
injury to footballers after hamstring trauma.
MCL is weaker than the lateral collat-
eral and cruciate ligaments.
MCL injury occurs in the dominant leg 
60% of time.
MCL injuries on average take 23 days 
for player to RTP.




The key elements of chronic MCL history include 
persistent isolated medial knee pain with dynamic 
activities. There is pain with running, change of 
direction, pivoting and catching the foot. The 
most common subjective pain is from the passing 
action of the football player with short stabbing 
passes with the knee flexed 15–30° and a sudden 
external rotation. The player may present after 
completing the standard bracing and rehabilita-
tion protocol, but attempts to progress dynamic 
activities reveal disabling pain medially. 
Diagnosis of a chronic condition can be consid-
ered with persistent symptoms after 2 months of 
conventional treatment [10].
More commonly than pain alone, failure of 
return to play is due to dynamic instability which 
may have demonstrable laxity with stress testing. 
Stability of the medial structures is important for 
football players to generate power kicking off the 
inside boot and changing direction with accelera-
tion. The high incidence of MCL injuries in foot-
ball reflects the uniquely high demand of the 
ligament complex in this sport.
MCL injuries are traditionally classified 
according to the criteria of Bergfield [12] with 
grade I strains consisting of tenderness over the 
MCL with no instability to valgus stress in full 
extension or at 25–30° of flexion, grade II consist-
ing of tenderness over the MCL with no instability 
in extension but greater than 10° in 25–30° flexion 
with a definite end point and grade III injuries 
demonstrating laxity in both extension and slight 
flexion. Any asymmetry should be considered a 
positive finding. Increase of 3–5 mm compared to 
the normal side signifies an injury to the superfi-
cial MCL. Laxity of 5–7 mm may suggest further 
injury to the deep MCL, posterior oblique liga-
ment and/or posteromedial corner [13]. More than 
7 mm laxity is thought to indicate additional injury 
to the ACL and up to 20 mm of laxity is seen with 
bicruciate injury [14].
On examination the player will have isolated 
pain on palpation of the meniscofemoral compo-
nent of the deep MCL. The ligament may feel 
thickened rolling the finger over it. MCL laxity 
tests may be negative for gapping but provocative 
of the pain. This may be combined with rapid 
external rotation of the tibia with the valgus knee 
stress at 30° of flexion.
The Swain test described by Lonergan and 
Taylor [15] isolates the MCL and is useful in diag-
nosing chronic MCL injuries. With the knee flexed 
to 90°, the tibia is externally rotated. When the 
knee is externally rotating in flexion, the collateral 
ligaments are tightened, while the cruciates are 
relatively lax. Many patients with chronic medial-
sided laxity after injury have pain along the medial 
joint line with this manoeuver. The test is useful to 
identify the MCL as the source of the persistent 
medial-sided pain and useful examination to mea-
sure response to treatment and determine when the 
athlete is ready to return to play [9].
Other sources of pain should be considered 
and excluded, including medial meniscus insta-
bility, chondral damage, bone contusion, saphe-
nous nerve entrapment and of course referred 
pain [16].
Medial collateral ligament bursitis has been 
described in adults and children as a distended 
and inflamed bursa between the superficial and 
deep portions of the MCL. Kerlan and Glousman 
[17] considered MCL bursitis to be an important 
cause of chronic medial knee pain, which should 
be differentiated from other more common 
medial knee condition. Bursitis may develop sec-
ondary to trauma, but also osteophytes, friction, 
genu valgus knees and planovalgus feet have all 
been suggested as possible exacerbates. The 
bursa of the pes anserinus or semimembranosus 
should also be considered.
38.5  Imaging
Plain radiographs will identify ossification of the 
proximal superficial MCL known as the 
Pellegrini-Stieda lesion. This is often an inciden-
tal finding, and many believe this is part of an 
alternate process that does not need surgical 
intervention [18, 19].
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Valgus stress tests radiographs with the knee 
in 25–30 flexion may be useful to document vari-
ation in laxity between the affected side and the 
normal side.
Ultrasound can identify an inflamed and torn 
ligament showing thickened and heterogeneous 
tissue or inflamed bursa. A normal MCL on ultra-
sound will appear as an elongated band, 1–3 mm 
thick. The meniscofemoral and meniscotibial 
structures are hyperechoic, separated by the 
hypoechoic fat layer.
Magnetic resonance imaging (MRI) is use-
ful to determine extent and location of injury 
to the MCL. Location of the injury is impor-
tant for prognosis; femoral avulsions typically 
healing well, mid-substance injuries may have 
variable degrees of laxity, and tibial inser-
tional injuries may be complicated by ‘Stener’-
type lesions, leaving the distal MCL blocked 
from the tibial periosteum by the pes anseri-
nus. It is crucial in the work up of chronic con-
ditions to exclude other potential confounding 
sources of pain. Consideration must be given 
to the medial meniscus, osteo or chondral 
lesions, a superficial nerve compression or 
tendinopathy.
Schweitzer et al. [20] also accepted there was 
poor correlation between clinical and radiologi-
cal classification. They suggested that the key 
reporting information should be simply ‘com-
plete’ vs ‘incomplete’ injury to ligament.
38.6  Treatment
38.6.1  Non-operative
Injection with steroid and local anaesthetic has 
been shown to be effective for persistent pain in 
the low-grade MCL tear. Jones [10] described a 
technique using 2 ml of bupivacaine and 40 mg 
of Triamcinolone injected with ultrasound guid-
ance deep and superficial to the deep MCL, com-
bined with deep needling of the affected ligament. 
The players were immediately re-enrolled in 
active rehabilitation and excluding loss to follow-
 up, all returned to preinjury level of activity.
Autologous blood and platelet-rich plasma 
(PRP) have been used to promote healing of ten-
dons and ligaments by the introduction of blood 
products. These constituents have both anti- 
inflammatory and pro-inflammatory effects that 
depend on the degree of platelet activation. 
Anecdotal evidence for the use of PRP in MCL 
injuries has been described [21], and there have 
been mixed results in animal studies [22].
Proliferative injection therapy has also gained 
popularity in the sports medicine world. This 
describes the application of an irritant substance, 
most commonly hyperosmolar dextrose, to stim-
ulate growth factor production and fibroblast pro-
liferation. The theory for its use is that fibroblasts 
promote extracellular matrix production and 
healing of disrupted collagen fibres. There is con-
flicting evidence regarding the efficacy of this 
technique. It has been described for sprains of the 
anterior talofibular ligament. A recent animal 
study has shown the dextrose injection increases 
the cross-sectional area of the injured MCL but 
does not improve the mechanical qualities or the 
laxity of the ligament [23].
38.6.2  Operative
Persistent pain that fails to respond to non- 
surgical rehabilitation, then also refractory to 
injections may ultimately require surgery. 
Surgeon A. Williams describes a series of 17 elite 
Fact Box 2
MRI classification of MCL injury uses the 
same scale as other ligament injuries.
Grade I injury: High signal is seen 
superficial to the ligament, which looks 
normal.
Grade II injury: High signal is seen 
superficial and within the ligament.
Grade III injury: Complete disruption of 
the ligament [20].
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athletes which required surgical intervention at 
an average of 24 post weeks post injury due to 
pain after failing functional rehabilitation. Fifteen 
of the 17 patients in his series did also have an 
US-guided injection of steroid and local anaes-
thetic, which failed to cure the persisting symp-
toms. The authors reported a consistent surgical 
finding, a failure of healing of a tear of the deep 
MCL at its femoral origin which could be 
repaired. Williams describes a layered dissecting 
and repair of the dMCL and sMCL with ‘double- 
breasting’ technique to remove ligament laxity.
Corten [8] describes a technique for players 
with chronic medial knee pain. The technique 
involves dissection of the chronic medial inflam-
matory tissue and then followed by repair. The 
patient is supine with the affected limb in 
Fig. 38.4. The approach requires careful expo-
sure of the three layers of the medial knee to 
identify the pathological tissue and to allow suit-
able repair. The layers are opened with vertical 
incisions, and the chronic inflammatory tissue is 
excised in an ellipse. The remaining tissue is then 
used to close the interval in layers with absorb-
able braided sutures.
The players were immobilised in a brace at 
30° for 5 weeks with immediate isometric quad-
riceps and hamstring exercises. Weight-bearing 
began after 3 weeks to allow PWB to 5 weeks, 
then FWB. At 12 weeks the players full training 
activities and allowed to return to play when 
deemed match fit.
Repair of existing local medial tissue has been 
shown to be effective in improving medial stabil-
ity of the knee [24]. Repair of the local tissues 
alone however may not be adequate to restore 
stability of the knee [15]. The compromise in 
structurally sound collagen due to the injury 
leaves insufficient patent local tissue available 
for an effective repair at times. Several tech-
niques are described using either local autograft 
or allograft to reconstruct the medial stabilisers 
of the knee.
LaPrade and co-authors [7, 14, 25] have 
extended our knowledge of the posterior oblique 
ligament (POL)  and its anatomy and role in the 
stability of the knee in extension and rotation. In 
their technique, allograft is placed in very spe-
cific points referencing the adductor tubercle and 
joint line. Two separate independent grafts are 
positioned and secured with soft tissue anchors 
and bioabsorbable screws to reconstruct the POL 
and sMCL. Their study of 28 patients, with mix 
of acute and chronic injuries, demonstrated effec-
tive elimination of medial opening with stress 
testing up to 24 months post-operatively [25].
Fig. 38.4 Combined 
valgus stress test—
valgus stress with 
external rotation of tibia 
to detect irritability of 
deep MCL
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The semitendinosus tendon is popular as auto-
graft for its location and dimensions. It may be 
released distally to attempt an entirely anatomi-
cal reconstruction or left attached distally to take 
advantage of its native attachment site. Lind et al. 
[26] describe their technique of reconstruction of 
the MCL and posteromedial corner in chronic 
injury cases. All cases were at least 2 months post 
injury and had failed non-operative management. 
The semitendinosus was left attached at the pes 
anserinus and fixed on the femur at the isometric 
point and then also to the posteromedial corner of 
the tibia, deep and posterior to the insertion of the 
semimembranosus. For isolated MCL recon-
struction procedures, a hinged brace was used for 
6 weeks. During the first 2 weeks, partial weight- 
bearing and 0°–90° of motion were allowed. 
From week 3 to 6, free range of motion and free 
weight-bearing during standing and walking 
were permitted. After 6 weeks, free activity was 
allowed without the brace. Controlled sports 
activities were allowed after 3 months and con-
tact sports after 6 months. They had follow-up of 
more than 24 months in 50 patients. In these 
patients, follow-up demonstrated 10 point 
improvement in KOOS scores, all but two 
returned to recreational sport or better [26].
The semitendinosus, as part of the pes anserinus, 
forms part of the dynamic stabilisation of medial 
knee, which is lost when used for reconstruction. 
Augmentation may be achieved with allograft or 
synthetic graft instead, to protect the native medial 
structures. The author has demonstrated an effective 
and safe technique using the ‘ligament augmenta-
tion and reconstruction system’ (LARS®) artificial 
ligament (Surgical Implants and Devices, Arc-sur-
Tille, France) to augment repair. Thirty elite athletes 
who failed non- operative management with bracing 
and all but two functional rehabilitation underwent 
surgical reconstruction and augmentation with syn-
thetic graft. The players were followed up for 
1–2 years, and all but two successfully returned to 
their previous level of sport with an average Tegner 
score of 9.5.
This chapter has focused on isolated MCL 
injuries; however chronic instability may be due 
to combined ligament deficiencies also 
(Fig. 38.5). When medial collateral injury is com-
bined with anterior cruciate deficiency, signifi-
cant anterior, valgus and rotatory laxity of the 
knee occurs [27]. Combined ACL/MCL/PMC 
injury has an estimated frequency of 6.7% [28]. 
The anterior cruciate ligament primarily controls 
anterior translation, but when disrupted, the 
medial side of the knee contributes significantly. 
The sMCL contributes at 90° of flexion and the 
dMCL and POL stabilises in all angles of flexion. 
The question of whether a low-grade MCL defi-
ciency should be reconstructed in the setting of 
an acute ACL injury has not been definitively 
answered [27]. Although biomechanical studies 
have shown increased stress transferred to ACL 
grafts when the medial side laxity is not addressed 
surgically, this has not been shown to have clini-
cal significance in short- term studies [29, 30]. 
Zhang et al. published their series of 21 patients 
who underwent ACL-MCL reconstruction for 
chronic ACL and grade III MCL injuries. At an 
average of 3.4- year follow-up, the International 
Knee Documentation Committee was signifi-
cantly improved from 45 to 87, and 95% patients 
had normal or near-normal knee ROM. They 
concluded that combined reconstruction of ACL 
and all but two MCL can significantly improve 
stability and clinical outcomes in the short term 
for chronic combined ACL-MCL injuries.
Jiang and West describe their preference for 
using a medial closing-wedge distal femoral 
osteotomy with a blade plate in patients with 
Fig. 38.5 MCL augmentation with LARS® in combined 
PCL and MCL reconstruction
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chronic medial-sided laxity and valgus malalign-
ment. Osteotomies are performed in the setting of 
chronic medial-sided laxity and valgus malalign-
ment as seen on 3-joint standing x-rays. Excessive 
valgus malalignment is defined as the weight- 
bearing line falling lateral to lateral tibial spine 
into the lateral compartment or >10° of valgus 
malalignment of the mechanical axis [27].
38.7  Return-to-Play Guidelines
• Full range of motion
• No instability (firm end feel of valgus stress)
• Player confidence
• Muscle strength 85% of the contralateral side
• Proprioception ability is satisfactory
• No tenderness over the medial collateral 
ligament
• No effusion
• Quadriceps strength; torque/body weight
• Satisfactory in sport specific training and met-
ric assessment of knee function
Take-Home Message
• The medial collateral ligament is the key sta-
biliser to valgus stress.
• Medial collateral injuries are common and 
result in missed training and play.
• Incomplete injuries are usually self-limiting 
but may develop into dynamic instability and 
chronic medial knee pain.
• In chronic pain, examination is the key ele-
ment of assessment, supported with imaging.
• Risk of chronic symptoms increases when 
there is associated injury to cruciates or poste-
rior oblique ligament.
• Mainstay of treatment in chronic pain cases is 
non-surgical, with novel ultrasound injection 
therapies. Some refractory cases will respond 
to surgery.
• Chronic dynamic instability cases recover 
well after reconstruction with demonstrated 
return to play.
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39.1  Introduction
Anterior cruciate ligament (ACL) rupture is a 
devastating injury for the player. However, with 
advances in technology and improved under-
standing of the condition over recent decades, 
most players will make a good recovery and 
return to play.
In spite of these advances, a review of the lit-
erature [1] found that only 65% of athletes 
returned to their previous level and 55% resumed 
competition. This highlights the difficulty of 
defining the term “return to sports” [2]. It seems 
a priority to define this term accurately, as it can 
vary from simple return to recreational activity to 
return to high-level competition [3].
The primary goal when treating any patient 
with an ACL rupture is to ensure that the patient 
has a stable knee, which allows them to perform 
their desired activities safely. For some, this may 
be achieved without surgery, and patients may 
choose to modify their activities to avoid surgery. 
This is certainly an option for the recreational 
sports person, and it should be noted that non- 
surgical management has been successful even in 
the elite athlete [4]. However, it must not be for-
gotten that ongoing instability and giving way of 
the knee will lead to secondary meniscal and 
chondral pathology, with the inevitable onset of 
early osteoarthritis.
Patient education is an essential part of health-
care, and it is essential to the development of a 
consensus treatment plan between surgeon and 
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patient. This is particularly true in the manage-
ment of ACL rupture, where there are multiple 
described treatment options. Many patients now 
present having done a literature search and are 
acutely aware of the risks and benefits of each 
pathway! Patient expectation has also changed, 
and very few patients are willing to adjust their 
activities to accommodate what they consider is a 
treatable injury. Even relatively sedentary 
patients may take the view that something has 
broken and they would like it fixed. In the elite 
athlete, activity modification is not an option. 
The goal is not just to return to sport but to return 
to peak performance.
Once the decision to proceed with surgery has 
been made, professional athletes want to know 
when they can anticipate returning to play. This is 
important from both a team strategy and an indi-
vidual psychology point of view. The advice to 
any medical team faced with this question is to 
present a conservative, reliable time frame to the 
athlete and coaching staff. Although it may seem 
desirable to promise a rapid return to play, this 
may prove unachievable for the athlete in ques-
tion and must be avoided. However, strategies to 
optimize management should be emphasized, 
thus enabling the most efficient return to play.
The process of return to play begins immedi-
ately following the injury, and it is essential to 
“get a good start”. There should be an emphasis 
on swelling management, range of motion, quad-
riceps activation, patella mobilization and rein-
stating load if appropriate (dependent on chondral 
and meniscal damage). Once the swelling is 
under control and the knee is moving freely, a 
decision can be made regarding surgery.
As with all surgery, preparation is essential, 
and it is important that surgeons strive to achieve 
excellence in the operating theatre by executing a 
well-thought-out surgical plan in a time-efficient 
manner. Following surgery there should again be 
a focus on recovery from the trauma. It is essen-
tial early rehabilitation respects the surgery and 
not too much is done in the first 2 weeks.
During the postoperative period, it is essential 
for the player and medical team to understand 
that a biological process is taking place within 
the knee. While the healing environment can be 
optimized, the underlying biological process is 
essential to recovery and requires time. It cannot 
be beaten and must be respected. Inappropriate 
rehabilitation can adversely affect this process, 
which may not only increase the time to return to 
play but may also have a negative impact on the 
long-term outcome.
Research on injury prevention has highlighted 
the consequences of playing sport with neuro-
muscular deficits [5, 6]. It is recognized that fail-
ure to achieve appropriate strength and 
conditioning during rehabilitation can increase 
the risk of repeat injury. It is therefore essential 
that in the middle phase of ACL rehabilitation, 
players develop a foundation of strength and aer-
obic fitness, to prepare for the sport-specific 
return to play program.
Although there are multiple assessment tools 
to guide decision-making on return to play, the 
ultimate decision is often made empirically 
according to the teams between 3 and 12 months 
[7, 8].
Optimal return to play involves optimization 
of every aspect of the treatment pathway. In the 
following chapter, we describe how to get a good 
start following surgery, the biological process, 
the importance of strength and conditioning and 
the program for graduated return to play.
39.2  Getting a Good Start 
Following Surgery
Among high-level athletes, the main issue now is 
reducing the period away from competition to a 
minimum. The progress made in both the surgi-
cal technique and rehabilitation has made it pos-
sible to reduce the recovery time of more than 
1 year in the 1970s to between 4 and 9 months 
today [9]. It is only with attention to detail at 
every stage, commencing when return to play 
seems furthest away and the athlete is at their 
most dejected, is such a timeline possible.
A good start in the context of ACL reconstruc-
tion means building a foundation upon which 
subsequent phases of rehabilitation will be built 
and which return to sport ultimately depends. 
The importance of managing pain and swelling, 
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regaining neuromuscular control and range of 
movement cannot be overstated. Each of these 
domains is closely linked, and a deficit in one 
makes it difficult to achieve the others. As such, 
an attempt to return to higher levels of activity 
before these fundamentals have been addressed is 
generally futile and ultimately counterproductive 
or even dangerous.
39.2.1  Preoperative Phase
Management of ACL injury begins immediately 
after the initial trauma. The immediate cessation 
of physical activity is a prerequisite to any subse-
quent care. Prompt clinical assessment of the 
knee is important to identify the ligament injury, 
before haemarthrosis makes physical examina-
tion less reliable. Once the diagnosis has been 
made, on either clinical or radiological grounds, 
preoperative rehabilitation should commence. 
The term “prehab” effectively communicates the 
goals of this phase to the athlete.
In the days following injury, the patient must 
be actively encouraged and guided to manage 
pain, reduce swelling, restore movement and 
minimize the loss of muscle condition. The goal 
is to limit the magnitude of the initial inflamma-
tory response and to return the knee to a quies-
cent state and thus prepare it for surgery. Pain 
management, cryotherapy, compression and ele-
vation are simple but essential [10].
A program of ongoing supervised physiother-
apy attendances has not shown its superiority 
over a properly followed program of self- 
rehabilitation [11]. However, it is reasonable that 
a degree of anxiety will be present after such a 
significant injury, and education and support 
should be available.
Risk factors for postoperative difficulty 
include persistent effusion, which inhibits muscle 
recruitment, muscle atrophy and loss of joint 
range [12]. However, there is also evidence that 
surgery before complete resolution of the initial 
trauma, and return of function, is not always det-
rimental [13–15]. Surgery before the knee is 
entirely quiescent may even be advantageous, by 
minimizing muscular atrophy. In some instances, 
it may be reasonable to operate when extension 
to neutral and flexion beyond 90° is achieved. In 
selected cases, aspiration of the haemarthrosis 
may expedite this process. Furthermore, indica-
tions for early surgery, such as a locked knee due 
to a meniscal tear, should be considered.
It is also important to consider the psychologi-
cal factors involved during recovery from ACL 
injury. Motivation and determination have been 
found in several studies as potentially protective 
factors [16] and clearly have the potential to 
determine whether a player wishes to return to 
sport.
39.2.2  Postoperative Phase
In the immediate postoperative period, the objec-
tives are substantially the same as in the preop-
erative phase. Surgery itself is a form of trauma, 
and the principles and techniques used after the 
initial injury remain relevant. Effusion must be 
managed, optimal joint range must be recovered 
and good patellar mobility should be achieved 
by the fourth week. Crutches and knee immobi-
lizers may be used in the first few days for pre-
emptive analgesia before recovery of normal 
ambulation [17].
It has long been recognized that early mobili-
zation is preferable where possible. In 1990, 
Shelbourne and Nitz [18] documented their expe-
rience that routine restriction of weight bearing 
and range of movement were both unnecessary 
and associated with increased risk of arthrofibro-
sis requiring surgery. They referred to this as 
accelerated rehabilitation, and their message has 
become a standard practice.
Immediately after surgery, self-rehabilitation 
for 20 min, two to three times per day, must be 
incorporated in order to manage oedema, restore 
joint range and stimulate muscle fibres in the 
quadriceps, with supervised physiotherapy from 
approximately 8 days onwards.
We have found the “prone hang” to be particu-
larly useful in regaining early extension. This 
consists of the patient, lying prone on a bed with 
the postoperative limb unsupported below the 
distal thigh, allowing gravity to assist knee exten-
39 Return to Play Following Anterior Cruciate Ligament Injury
pieter.orthopedie@gmail.com
538
sion [11]. Although passive extension is helpful 
and “buys time”, the key is restoration of active 
extension with good isometric quadriceps 
contraction.
Throughout rehabilitation, the contributions 
to performance of proprioception, core stability, 
pelvic and gluteal control, as well as whole body 
strength and fitness should be recognized. This is 
covered further in Sect. 39.4. Although safety of 
the recovering knee must take priority, a compre-
hensive approach to these areas can begin early 
and will help minimize deconditioning.
39.2.3  Resumption of Training 
and Beyond
Rehabilitation specifically targeting return to 
activity should begin around 3 months postopera-
tively [11]. During this period, a mild intra- 
articular effusion will not be tolerated in response 
to resuming exercise. A progressive program of 
squats, lunges and plyometrics as well as agility 
drills including shuffling, hops, vertical jumps 
and running patterns is favoured, culminating in 
return to sport.
At the present time, no gold standard exists to 
validate or not the return to competition. 
Commonly, postoperative time is viewed as the 
overriding consideration, with an average of 
6 months without any consensus [19]. However, 
this decision should be multifactorial and ideally 
based primarily on scientific fact. It should take 
into account not only the time period from surgery 
but also a range of complex subjective and objec-
tive assessments (Limb Symmetry Index, single-
leg hop, 6-m timed hop, triple single-leg hop, 
crossover single-leg hop, and single-leg vertical 
hop) [19].
The Strategic Assessment of Risk and Risk 
Tolerance (StARRT) framework is designed to 
assist in managing the complex information which 
is involved in return to play [20]. Importantly, this 
framework recognizes that return to play by neces-
sity involves risk, which may be viewed differ-
ently by the multiple stakeholders in the context of 
professional sport, and thus becomes a source of 
differing opinion and conflict.
Some authors propose also to assess the pos-
sibility of return to competition individually, con-
sidering things such as a player’s morphology 
(e.g. genu valgum or relative hamstring weak-
ness), the sport in question and the position 
played [19].
Rehabilitation following ACL reconstruction 
is frequently conceptualized as having four 
phases, culminating in return to play. Progress 
from resumption of training through return to 
sport can be described as having four phases also:
To move from one phase to another, it is nec-
essary to make an objective and subjective assess-
ment, including an assessment of function. 
However, there are no validated scores specific to 
a given sport to guide this decision [3].
Simple clinical elements seem important to 
monitor before progressing: little or no pain, no 
effusion, symmetrical joint range, limb symme-
try, hop testing [21] and the athlete’s perceived 
psychological and physical preparedness [3].
Some authors propose side-to-side compari-
son of the hamstring/quadriceps ratio as the main 
criteria for returning to activities, with the post-
operative side being >85% of the healthy limb 
considered acceptable [22].
It is recommended to continue monitoring and 
follow-up for a deficiency in the lower limb up to 
1 year postoperative, even after returning to 
activities [3].
It would be interesting to continue preventive 
neuromuscular training for new injuries throughout 
an athlete’s career [3, 23]. KOS-ADLS, KOS- SAS, 
global rating of perceived function (GRS), Lysholm 
score, International Knee Documentation 
Committee 2000 Subjective Knee Form 
Fact Box 1: Progression from individual 
training through return to play [3]
 1. Individual training without interference
 2. Team training
 3. Participation in a friendly or with a sec-
ond team
 4. Competition
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(IKDC2000), Cincinnati Knee Score, Knee Injury 
and Osteoarthritis Outcome Score (KOOS), Tegner 
Activity Scale and Marx Activity Rating Scale are 
scores frequently found in studies, providing sig-
nificant assistance in making this decision.
39.3  The Biological Timeline 
of Reconstruction
The ACL and its reconstruction have been, and 
continue to be, extensively investigated. Despite 
this, there is a paucity of high-quality research 
with regard to the biological process that takes 
place after reconstruction. This reflects the diffi-
culty in performing such studies, and, as a conse-
quence, the data that is available is from animal 
studies and human biopsy studies. Information 
from animal studies is not directly transferrable 
but is important in aiding the formation of 
hypotheses and the interpretation of human 
biopsy studies. Despite being of low-level evi-
dence, it can enable us to challenge previously 
held hypotheses and assumptions. Due to the lim-
ited evidence available, it is also important to use 
basic orthopaedic principles and logic to guide 
decision-making.
Graft “healing” can be divided into intra- 
osseous and intra-articular.
39.3.1  Intra-osseous Healing
Immediately following reconstruction, the graft 
has been shown to be stronger than the native ACL 
under load, and hence the fixation points are con-
sidered weakest link in the first few weeks. The 
reconstruction then “heals” to the bone over the 
course of several weeks. The exact time frame is 
unknown, but there has been a reported case where 
the tibial screw fixation was removed at 6 weeks 
with no subsequent loss of tension of the graft [24].
39.3.2  Intra-articular Healing
This process is often referred to as “ligamentiza-
tion” of the graft [25] and takes place from the 
time of graft implantation until quiescence when 
it is hypothesized that the graft would histologi-
cally and biomechanically be more like a native 
ACL than tendon. It is unlikely that “complete” 
ligamentization occurs.
The process of ligamentization is a continuum 
of biological change, and the exact timeline is 
unknown. For the purposes of return to play and 
rehabilitation guidelines, it is useful to break 
down the ligamentization process into phases. 
Three distinct phases have been described in both 
the human and animal model as shown.
In the animal model, the process of ligamenti-
zation has been shown to be more rapid than that 
in the human. The early phase starts within 
2–4 weeks of implantation and is characterized by 
hypocellularity and central necrosis. This is fol-
lowed by a period of intense remodelling during 
which there is hypercellularity, hypervascularity 
and replacement of the graft with longitudinally 
orientated collagen. The  maturation stage com-
mences at around 12–20 weeks during which the 
graft slowly becomes similar to that of a native 
ACL [26–28].
Human biopsy studies demonstrate that the 
process in humans is much slower. The central 
necrosis in the early phase has not been demon-
strated in human biopsy studies or in non-biopsy 
studies using human gadolinium-enhanced MRI 
[29]. The human graft appears to be viable at all 
stages following implantation. In the early phase, 
there is synovial healing on the periphery of the 
graft, while the graft retains a tendon-like struc-
ture. In the remodelling phase, there is increased 
vascularity and cellularity and reorganization of 
the collagen that appears more regularly orien-
tated and aligned than in the early phase. During 
the remodelling phase, the cell density and myo-
fibroblast density decreases but never reaches 





39 Return to Play Following Anterior Cruciate Ligament Injury
pieter.orthopedie@gmail.com
540
that of a native ACL. Similarly, vascularity 
increases but never reaches that of a native 
ACL. There is a well-orientated mature collagen 
matrix that is similar to, but not the same as, the 
native ACL.
There is no agreed timeline for the ligamenti-
zation process with huge variations for the start 
and end of each phase. This reflects the very lim-
ited data that is available from the studies.
39.3.3  Interaction Between Healing 
and Rehabilitation 
Progression
There is no data available with regard to the ten-
sile strength of the reconstruction during each 
phase of the healing process. It is however impor-
tant to recognize that there is a biological process 
that takes place that is dependent on the patients’ 
genetic make-up and the biological environment. 
This process cannot be speeded up by rehabilita-
tion but can certainly be adversely affected by a 
program that involves inappropriate exercises.
It is thought that application of a small load to 
the ACL reconstruction may be important during 
the remodelling phase and may stimulate the 
reorientation of collagen fibres and the acquisi-
tion of the tensile properties that enable it to 
function more like a ligament. However, exces-
sive load may lead to graft “stretch” or graft 
“slippage” in the bone tunnel. This can result in 
an elongated and nonfunctional but intact ACL 
reconstruction.
Most rehabilitation protocols will have a time-
line that many patients and medical staff will 
refer to. It must be recognized that this refers to 
the biological process and is the fastest time 
frame by which patients can be rehabilitated. It is 
essential that progression through the program is 
based on achieving milestones and is not based 
on the timeline of the protocol. Only a very few 
elite athletes achieve the appropriate milestones 
to progress at the fastest rate, and understandably 
nearly all amateur athletes need longer. For 
example, return to running is often documented 
as 3 months. Running is however a series of hops 
done at high speed with control. In order to do 
this, patients should be able to single-leg press 
1.5 times their body weight (0–60°) and be able 
to execute a single-leg squat and hop with perfect 
technique. Many amateur players are unable to 
achieve this until 6 months post surgery!
In summary, there is very little known about 
the biological process that takes place in the knee 
following reconstruction. However, we must rec-
ognize that a biological process does take place. 
Our rehabilitation program must be designed to 
respect and work with the biological process. 
This is essential for an optimal return to play and 
low failure rate.
39.4  The Importance of Strength 
and Conditioning
Strength and conditioning is a very important 
part of ACL rehabilitation. It essentially lays the 
foundations for the athlete to be able to com-
mence a sport-specific program involving more 
dynamic and complex drills. Strength and condi-
tioning work should commence immediately post 
injury. In the immediate post-injury phase, the 
aim should be to aid recovery from injury, pre-
pare the leg for surgery and reduce the decon-
ditioning. During the post-surgery phase, when 
the knee needs to be rested, players should be 
encouraged to work on their core stability and 
upper body strength. While there is an absolute 
requirement to not jeopardize the healing knee, a 
role for strength and conditioning can be found 
throughout all stages of recovery. When opti-
mized, this approach may allow some athletes to 
return with better strength, core stability and car-
diovascular fitness than before injury.
It is immediately clear that this will help mini-
mize deconditioning, fatigue and further injury to 
the knee. But it could also reduce the risk of 
remote injury to deconditioned body parts, dur-
ing what is known to be a vulnerable time. 
Exceptional neuromuscular control means little if 
fatigue sets in prematurely, leading to poor tech-
nique and the associated risk of injury.
At-risk sports involve bounding, hopping, 
jumping and landing on one leg. Put simply, 
players are not kangaroos and they will often be 
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loading and turning off one leg! As the rehabilita-
tion program is designed to return players to 
these at-risk sports, it is important to isolate each 
leg when performing strength exercises. It is also 
essential that “control” is maintained throughout 
the program. If players are allowed to do exer-
cises where they lack control, they are not only at 
risk of injury but will put excessive load through 
the graft. For example, many patients will be 
encouraged to perform a single-leg squat as part 
of their rehabilitation program; however, in the 
early phases of rehabilitation, many patients lack 
the strength and control to do this properly and 
therefore drop into a dynamic valgus position.
The role for strength and conditioning may be 
thought of as relating to the injured limb, to the 
remainder of the body including the trunk and 
pelvis, and the cardiovascular system. The over-
all goal is to enable the player to return to their 
best in the safest, most time-efficient manner 
possible. The condition of both the knee and the 
athlete as a whole must be simultaneously 
brought to the correct level at the appropriate 
time to ensure the player is available to play [10].
There is considerable skill involved in appro-
priately matching strength and conditioning 
training to the stage of recovery, the sport, and 
the position played in the team. It is therefore dif-
ficult to develop entirely prescriptive guidelines, 
and literature in this field remains scarce. As with 
other concepts of progression in ACL rehabilita-
tion, principles of strength and conditioning may 
be considered in terms of phases [30]. In the 
absence of compelling evidence, a tailored and 
collaborative approach is to be encouraged.
It is often in the area of strength and condi-
tioning, and during the later stages of rehabilita-
tion, that an athlete’s sense of frustration with 
time away from sport is encountered. Particularly 
in the high-level sporting environment, it is 
important that any enthusiasm for unsafe pro-
gression to high-level training be managed with 
sensitivity and be tempered with discussion of 
lessons learned from past similar experience. 
Safe creativity in rehabilitation, and conscious 
emphasis on what an athlete can do rather than 
what they cannot, will allow variation in training 
and a sense of progress towards return. A skilful 
program should be challenging but also safe and 
stave off boredom at the same time.
During the strength and conditioning phase of 
rehabilitation, it is useful to define the strength 
targets. The aim of rehabilitation is to enable the 
player to move at speed, jump, land and change 
direction. In order to achieve this, it is logical to 
expect players to be able to single-leg press 1.5 
times their body weight between 0 and 60° of 
flexion with perfect technique. Many recreational 
and amateur sports people will find this difficult 
to achieve, and this in part reflects their pre-injury 
conditioning, which is often poor. This target is 
however achievable, and players should achieve 
this level of strength before starting running.
In recent years, there has been a lot of work on 
injury prevention [23]. By identifying and 
addressing neuromuscular deficits of players, one 
may reduce the risk of injury. This trend has been 
shown in the literature. It is also logical, and one 
may even expect performance levels of athletes 
to improve as these deficits are addressed.
Within elite sports, there are many examples 
of the importance of strength and conditioning. 
One only has to look at gymnasts. They have a 
finely balanced strength-weight ratio, which 
enables them to control the skeleton with preci-
sion resulting in excellent balance and ability to 
perform very complex movements. Dedication to 
conditioning is likely to help the greatest players 
in the world perform to their abilities and means 
that in turn they are rarely injured during their 
careers.
39.5  Graduated Return to Play
39.5.1  Rehabilitation Basics
There are many components that may be part of a 
rehabilitation program following ACL recon-
struction in athletes. However, evidence to sup-
port a few with certainty stands out when 
reviewing the literature. This is summarized 
below.
Rehabilitation programs must be supervised 
by a physiotherapist, but continuous monitoring 
is not necessary. Several physiotherapy sessions 
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seem important enough to assess, train, instruct, 
and adjust the rehabilitation programs for prog-
ress, although the optimal number has not been 
quantified [11]. Immediate full weight bearing 
after ACL reconstruction is recommended, as it 
would seem to decrease the patellofemoral pain 
and has been shown to be safe [30]. Early mobi-
lization is safe and reduces the risk of late arthro-
fibrosis [31].
The literature emphasizes the early use of 
closed chain exercises, by selecting knee joint 
range movements less than 60° and then open 
chain exercises with knee angles greater than 40° 
of flexion for quadriceps strengthening without 
increasing the pressure on the ACL and without 
increased stress on the patellofemoral joint. Open 
chain exercises of 40–90° of flexion, beginning 
on the sixth postoperative week, seem favourable 
to increasing quadriceps muscle strength and can 
be recommended [32].
It has been proven that high-intensity neuro-
muscular electrical stimulation at 65° of flexion, 
in addition to volitional exercises, improves the 
isometric strength of the quadriceps [33].
The results of pool-based rehabilitation pro-
grams must be confirmed, but in patients where 
joint effusion hampers progress, hydrotherapy 
may be useful [31].
Accelerated rehabilitation (19 weeks instead 
of 32) seems to be without danger according to a 
study evaluating anterior-posterior knee laxity, 
clinical assessment, patient satisfaction, func-
tional performance and cartilage metabolism 
[34].
39.5.2  Tracking Recovery: 
Assessment Tools
The date of return to competitive sports, although 
often recommended between 6 and 9 months 
postoperative, must be dictated by assessment 
and not solely as a function of time. Assessments 
on an athletic level during rehabilitation should 
be considered as a small step towards the return 
to sports. The decision to return to sports should 
be the result of a joined reflection between the 
various members of a multidisciplinary team, as 
previously mentioned [35]. To support this deci-
sion, the medical team can rely upon several 
assessment scales [19]:
39.5.3  Gradual Return to Sports
A gradual training schedule should be set up to 
allow for a smooth transition from a clinically 
controlled environment to a moderately con-
Fact Box 3: Tracking recovery
Recovery should be monitored through 
assessment, not solely time.
The decision to return to play should be 
made as a team.
A range of assessment scales can be 
used to support this decision.
• Symptoms, function, activity, 
participation:
 – IKDC2000: 18–24 years (>89.7 men, 
>83.9 women); 25–34 years (>86.2 
men, >82.8 women); 35–50 years (>85.1 
men, >78.5 women); 51–65 years (>74.7 
men, >69.0 women) [36]
 – Tegner Activity Scale: according to 
the desired level of activity
• Psychological factors:
 – ACL-RSI >56 [37]
 – K-SES: men >7.2, women >6.8 [38]
• Muscular strength [39]:
 – Competitive pivot-contact sports: LSI 
(Limb Symmetry Index) = 100% knee 
extensor and flexor strength, assessed 
with isokinetic concentric dynamom-
etry at 60°/s, 180°/s, and 300°/s
 – Non-pivot, non-contact, recreational 
sports: LSI (Limb Symmetry 
Index) > 90% knee extensor and 
flexor strength, assessed with iso-
kinetic concentric dynamometry at 
60°/s, 180°/s, and 300°/s
 – Hamstring/quadriceps strength 
ratio > 58% assessed with isokinetic 
concentric dynamometry at 60°/s [38]
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trolled environment and to full athletic activities 
during rehabilitation [19]. One may be aware that 
multiple preoperative, operative and postopera-
tive factors can affect the return to sports during 
rehabilitation.
The return to sports without complete reha-
bilitation after ACL reconstruction or based on 
non-specific criteria without gradual reintegra-
tion to sports can lead to a lack of confidence in 
athletes, fear of injury recurrence, and persis-
tence of risk factors that increase the likelihood 
of a new injury [48]. Furthermore, the return of 
an athlete with his team must be done according 
to the following steps [40]:
 1. Return to team practice without contact (dis-
tinctive jersey)
 2. Return to full team practice with contact
 3. Return to friendly games/B team (initially not 
for a full game time)
 4. Return to competitive games (initially not for 
a full game time)
An athlete must successfully pass the func-
tional tests for considering a return to sports; 
these tests should be well scheduled in time and 
individualized according to the level of rehabili-
tation and physical conditioning. It allows for the 
prevention of a new knee and/or a muscle injury.
To better structure the planning, one can 
include the acute-chronic workload ratio in the 
process of returning to sports [41]. This ratio 
describes the relationship between the workload 
performed during the previous week (acute work-
load) and the average workload performed during 
the past 4 weeks (chronic workload). Sudden 
peaks in this ratio should be avoided.
39.5.4  Biopsychosocial Factors
39.5.4.1  Alterations of Movements 
and Risk of Reinjury
When comparing the affected limb to the healthy 
limb, or injured ACL patients to healthy patients, 
several authors have identified altered biome-
chanics in ACL reconstructed patients [42]. 
These alterations in movement control may per-
sist for up to 2 years postoperatively, even in ath-
letes initially considered suitable to resume 
sports. Four factors have been identified as being 
predictive for recurrent injury in postoperative 
patients [43]. It has also been demonstrated that 
specific neuromuscular training can improve one 
or more of these risk factors.
39.5.4.2  Neurological Effects 
of the ACL Injury
An ACL injury leads to mechanical instability of 
the knee, due in part to the alteration of neuro-
muscular control secondary to signal interruption 
from damaged mechanoreceptors in the torn liga-
ment. The alteration of the somatosensory mes-
sage decreases the signals relating to the central 
nervous system. It results in a reduction of pro-
prioception and an increase in nociceptive activ-
ity, provoked by the instability due to the anterior 
shift of the tibia, that distorts motor control. It is 
postulated that ACL injury can cause a reorgani-
zation of the central nervous system at the senso-
rimotor cortex level [44]. New studies are required 
to develop rehabilitation techniques that would 
alter neuroplasticity and motor control changes in 
order to improve ACL reconstruction outcomes.
39.5.4.3  Pain
It has been shown that the motor unit activity of 
the quadriceps was negatively affected not only by 
the pain but also by the anticipation of pain [45].
39.5.4.4  Fatigue
The ability to maintain a quality of movement 
throughout all sports activities and to avoid pos-
Fact Box 4: Predictive factors for recurrent 
injury in postoperative patients [43]
 1. Increased valgus alignment
 2. Asymmetry in internal knee extensor 
moment on initial contact
 3. Monopodal support of postural 
instability
 4. Contralateral hip rotation moment
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tures at risk of ACL reinjury due to fatigue is a 
key point of the rehabilitation program. 
Endurance training to prevent muscle fatigue is 
paramount in the rehabilitation planning to limit 
the risk of reinjury in ACL-reconstructed patients. 
Indeed, it has been reported that fatigue nega-
tively affects postural stability, neuromuscular 
control, and biomechanics of the lower limb dur-
ing sporting activities in postoperative ACL 
patients [46].
39.5.4.5  Psychology
The most common reason cited in case of failure 
to return to sports is the fear of a new injury. It 
has been shown that preoperative psychological 
responses were associated with the probability of 
returning to pre-injury levels 12 months after 
ACL reconstruction [37]. This suggests that psy-
chological factors play an important role in the 
return to sport process. So far, these factors have 
been largely ignored in the rehabilitation context, 
and future research is required in this field. 
Currently, the ACL-Return to Sports after Injury 
(ACL-RSI) questionnaire can be used, as a sur-
vey tool, to determine the psychological state of 
an athlete and help in the decision-making pro-
cess of returning to play.
39.5.4.6  Social Pressure
The ever-present socio-economic pressures (i.e. 
club, coaches, parents, sponsors, etc.) in high- 
level sports may erroneously lead to a premature 
return to sports, including at the competitive level 
[47]. Various stakeholders may need to be 
reminded that a player represents an asset for the 
club, sponsors, managers and relatives. In this 
respect, prioritizing safe recovery over haste will 
help durability of performance.
The medical team must be aware of this envi-
ronment and of all these factors when taking care 
of a player with an ACL injury. To support the 
RTP decision-making process, each step for-
wards must be validated by adjusted tests. It 
should only be possible to move on to the next 
one if specific tests have been passed with suc-
cess. Timing, especially extrinsic factors such as 
competition dates, should not be used as the cen-
tral variable driving the return to sports.
This review highlights that a successful return 
to sport is influenced by multiple factors, many of 
which are not quantifiable. The literature is still 
sparse in this field, and future research to improve 
assessment tools will be valuable to guide a safe 
return to play for our athletes.
Take-Home Messages
• The return to sports must be progressive.
• Capacities must be assessed through appropri-
ate tests.
• The return to sports is influenced by several 
factors including some nonorganic (psycho-
logical/socio-economic).
• Time is not a reliable variable to estimate the 
return to sports.
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40.1  Introduction
Whether one likes it or not, sport is important. It 
is a subject that interests millions across the 
world, and no sport is more significant than foot-
ball. It employs thousands of people not includ-
ing the players themselves. The pursuit of football 
encourages fitness of the human population, gen-
eral wellbeing, teamwork, discipline, and for 
individuals to value their personal health.
Two hundred and sixty-five million people 
worldwide play football. That equates to 4% of 
the world’s population [1]. It is a multimillion 
pound entertainment industry. The latest deal for 
the TV rights for the English Premiership to 
cover the period of 2016–2019 has seen a 71% 
increase in the payment made by a TV company 
compared with that for the period of 2013–2016 
[2]. The average wage in the English Premiership 
for a first team player is £2.3 million a year, 
which is equivalent to £44,000 a week [3].
The products which the TV companies buy 
are the matches, of which there are around 60 per 
season covering all competitions. The pressure to 
play, win, and reward the TV companies for their 
investment is ever increasing. In each game, on 
average, players will run 10 km. It is not surpris-
ing that knee injuries are common due to frequent 
exposure to trauma and attrition overload.
The senior author has been treating professional 
athletes for nearly 20 years. Currently 60% of all his 
practice is made up of professional sportsmen and 
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women, and they account for half of the ACL recon-
structions he does a year. He currently is involved 
with the care of 75% of the English Premiership 
League football teams as well as teams from other 
levels and different sports. It is a great field of work 
to be involved in. Athletes test judgement and sur-
gery. Even minor failures can lead to significant 
interference with athletic performance. It is chal-
lenging, but this leads to improvement in the care 
that can be offered to patients in general.
Whilst this patient group represents a great 
challenge, the rewards for the treating clinician 
are worthwhile. Footballers enhance the quality 
of a surgeon’s practice. For example, they allow to 
study conditions rare in the general population, 
because they sustain these more frequently. Also, 
common conditions often pose more of a problem 
in treatment due to their loading and performance 
demands. Exposure of the clinician to this bene-
fits the nonsporting population too as well as the 
athlete. In addition, due to their media exposure, it 
is relatively easy to follow up patients with coarse 
outcomes such as graft re-rupture rates and return 
to play. This can be invaluable in assessing treat-
ments that are frequently undertaken in the nor-
mal population. For example, with regard to 
anterior cruciate ligament reconstruction graft 
choice, there is considerable controversy, as dif-
ferent grafts seem to work in the general popula-
tion. In professional football, however, any small 
issue is exaggerated, and it has become clear to 
the senior author that patellar tendon grafts have 
around 50% the re-rupture rate of hamstring grafts 
(see below), for example.
Most would agree that evidence-based medi-
cine is generally preferable to experience-based 
practice. Whilst this seems logical, unfortu-
nately, there are a number of conditions and 
fields of medicine in which it will never be pos-
sible to achieve. The subject matter of this 
chapter is an example. Whilst we strongly 
advocate scientific evaluation of conditions and 
treatment outcomes whenever possible, a lot of 
elite sports knee practice has to be based on the 
application of basic scientific knowledge, such 
as functional anatomy, and past clinician expe-
rience. Much in the practice can never be sub-
ject to a prospective randomised controlled 
trial! Many of the conditions treated in this field 
are occurring in such small numbers that it is 
impossible to apply rigorous scientific evalua-
tion to them, and in any case, there will never 
scientific trials of treatment in professional 
sport. Athletes need to believe that there is only 
one answer for their problem and they would 
certainly not wish to be ‘randomised’ to treat-
ment. In addition, the psychology of treatment 
of athletes is so powerful that the effect of pla-
cebo is enormous. Like it or not, experience- 
based, rather than evidence-based, practice in 
treating elite footballers will be a significant 
part of the whole. The reader needs to take this 
into account for this chapter. Nevertheless, as 
experienced- based is often the best one can 
have, it warrants serious consideration rather 
than being dismissed.
There is no doubt that professional football 
players are special, but it should be borne in mind 
that they are of course human. You cannot there-
fore speed up nature! Despite what the players, 
coaching staff and all manners of non-medical 
‘medical experts’ at clubs say, this is a fact. At 
times even their joints need a rest! This atmo-
sphere poses a considerable challenge.
40.2  Examples of What Has Been 
Learned from an Experience- 
Based Perspective
40.2.1  Natural Selection
The average human will put approximately mil-
lion cycles of movement through their lower 
Fact Box 1
The challenge of dealing with professional 
footballers’ injuries and the pressure to 
deliver players back from injury quicker 
and healthier benefit the care of the general 
population.
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limb joints in a year [4]. The number for a pro-
fessional footballer will be very many times 
greater than this. Therefore, if they have any 
‘weakness’, it will be demonstrated. Players are 
thus prone to overuse injuries related to ana-
tomic variations such as malalignment. 
Furthermore, the forces going through their 
lower limbs are also much greater than the 
average population, and any underlying vulner-
ability to injury due to substandard collagen or 
joint anatomy is problematic. Put simply, foot-
ball applies Darwinian pressure so that only the 
‘fittest will survive’. When a footballer reaches 
around 20 years of age and they have estab-
lished themselves, then they have clearly been 
‘put together properly’. An ACL rupture in a 
first team player is relatively rare [5].
For the same team, there will be many ACL 
ruptures each year in the youth players. This is 
presumably due to lack of neuromuscular con-
trol, joint mal-orientation, such as an increased 
tibial slope laterally, or soft tissue laxity/weak-
ness. In the vast majority of these players, 
reconstructive surgery is successful and they 
will return to play. However, despite this, the 
player under 18 years old at the time of ACL 
reconstruction will rarely achieve a profes-
sional footballing career. In those under 16, it is 
almost unheard of. The reason for this is inter-
esting. We used to think it was part of the ‘natu-
ral selection’ process or, simply put, that there 
was something wrong in the players’ make-up. 
Whilst this is true for the reason they ruptured 
their ACL, once reconstructed it is probably not 
the reason for failing to progress with a career 
in football. The problem is almost certainly the 
fact that these players have effectively missed a 
year of football, and they can never catch up 
with their peers. In addition, for an unproven 
young player, the situation is very different to 
an established first team player, in whom the 
club has invested a great deal and will wait. 
This is not the case for a youngster. This situa-
tion underlines the huge pressure on a young 
professional footballer.
40.3  Examples of What Has Been 
Learned from an Evidence- 
Based Perspective
40.3.1  A Common Condition: 
Meniscal Tears
Early on in our experience of treating profes-
sional footballers, it became very clear that a pat-
tern emerged when meniscectomy was 
undertaken. The footballers having partial lateral 
meniscectomy regularly had problems with 
swelling and a slow return to play, unlike those 
who had a medial meniscus resection. In the lon-
ger term, players who had previous lateral menis-
cal resection would, unlike their medial 
meniscectomy counterparts, return with repeated 
problems related to chondral breakdown, and 
they would frequently require premature retire-
ment for this. As a result of this observation, a 
formal study was undertaken of 90 professional 
footballers who had undergone lateral meniscec-
tomy (42 cases) or medial meniscectomy (48 
cases). The median time to return to play to the 
nearest week was longer in the lateral group com-
pared with the medial group (seven versus five 
P < 0.001). At all times after surgery, the cumula-
tive probability of returning to play was nearly 
six times greater (5.99: 95% confidence interval, 
3.34–10.74; P < 0.001) after medial meniscec-
tomy. More lateral meniscectomy cases experi-
enced adverse effects related to pain and 
particularly swelling (69% versus 4% P < 0.001). 
Seven percentage of the lateral meniscectomy 
cases required a second arthroscopy [6].
It is interesting to note that compared with 
other running sports such as rugby, lateral 
Fact Box 2
Loss of lateral meniscus is very problem-
atic in football compared to medial menis-
cal loss.
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 meniscectomy seemed to be particularly badly 
tolerated in football. This is particularly odd 
when one considers that most professional foot-
ballers have varus alignment (that, and pes pla-
nus are associated with fast running) when many 
rugby players are actually in valgus alignment. 
The answer is not immediately obvious because 
orthopaedic surgeons tend to think of lower 
limb alignment not only purely in the coronal 
plane but also as a static examination on x-ray. 
Going to a live football match makes it obvious 
that despite the natural varus stance in full 
extension, there is an immense amount of time 
spent with dynamic valgus loading as a player 
twists and turns. Football is a multidirectional 
sport, whereas rugby involves much less chang-
ing of direction. The concept of dynamic align-
ment change is one of the important lessons we 
have learned from dealing with athletes.
40.3.2  A Common Condition: ACL 
Ruptures
The first consultation with a player has to be 
undertaken with great attention to detail. It is 
essential that the treating doctor realises that 
the professional footballer is indeed ‘special’. 
It is not the players’ fault that they earn a very 
good living, as well as having the gift to play 
professional football. In the context of having 
an injury, they are sad, scared and often suspi-
cious of treatment advice. The clinician must 
understand this and show empathy, as well as 
confidence and great attention to detail. The 
surgeon also has to consider the pressures 
on the player: they fear losing their place in 
the team and will have timescales and dead-
lines to meet such as contract issues and major 
tournaments.
Even prior to seeing the player, the surgeon 
concerned should plan ahead. For example, when 
surgery is needed, as soon as the consultation fin-
ishes, the player will want to know when the 
operation. The surgeon should know their 
availability.
The timing of ACL reconstruction is impor-
tant. Frequently, it is safe to undertake surgery 
within a matter of a few days of injury, but that is 
not always the case. As already stated, football 
players are humans and so ‘nature rules’. The 
knee needs to be quiet with little swelling, full 
active extension, and bending freely to over 90°. 
The average time to surgery for our professional 
footballers is around 7–10 days from injury. On 
occasion, according to the circumstances, it is 
worth considering sterile aspiration of the joint 
haemarthrosis to allow prompt restoration of 
quadriceps activation and full active extension 
more quickly than waiting for spontaneous reso-
lution of the haemarthrosis.
Individualised graft choice is important and 
needs to be tailored to the sport concerned. 
Generally hamstring grafts are our first choice for 
most people including professional athletes. In 
professional rugby in the senior author’s series, 
graft re-rupture occurs in 5.6% of cases. In foot-
ball, the situation is different however. From 
January 2001 to June 2013, he undertook 212 
isolated (no other ligament injury or meniscal 
pathology) ACL reconstructions in professional 
footballers. Six of these were excluded (two had 
patellar tendon allograft—both of which re- 
ruptured; four patellar tendon grafts were com-
bined with a lateral tenodesis, all of which 
survived and made a full recovery). At a mini-
mum 2-year follow-up, the rupture rates were 
compared between four-strand hamstring grafts 
and middle-third patellar tendon grafts. Obviously 
with time more re-ruptures will occur, but in pro-
fessional football, a re-rupture almost exclusively 
occurs within the first year from surgery. The 
overall re-rupture rate was 8.6% (7 of 81) for 
patellar tendon graft and 11% (14 of 125) for 
quadrupled hamstring grafts. Further analysis 
Fact Box 3
Treating elite footballers teaches an appre-
ciation of the big difference between static 
limb alignment, which is assessed clini-
cally and on radiograph, and the variation 
from this in ‘dynamic’ alignment that 
occurs on the pitch during play.
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was undertaken comparing femoral tunnel posi-
tion, and the findings were stark. In all cases in 
the series, the tibial tunnel was drilled to emerge 
in the centre of the tibial ACL ‘footprint’. The 
femoral tunnel, however, varied from a central 
‘anatomic’ femoral ACL footprint or the antero-
medial bundle position within the ACL footprint. 
The patellar tendon graft re-rupture rate for AM 
femoral bundle position was 4.5% but more than 
doubled to 10.2% when placed in the central 
footprint position on the femur. For hamstring 
graft, the increasing re-rupture rate was even 
more dramatic to approximately 2.5 times as 
much in the central femoral footprint position 
(17% re-ruptured) compared to 6.9% in the AM 
bundle position [7]. It is clear that first-choice 
graft for professional football should be middle- 
third patellar tendon autograft.
We are in an era of a return to additional lat-
eral extra-articular tenodeses (LET). Additional 
LETs have been undertaken in players who are 
thought to be at a higher than average risk of graft 
re-rupture, and out of 38 elite athletes, there has 
so far been only one re-rupture. It is obviously 
wrong to conclude that the additional procedure 
is necessary without more rigorous study. Further 
clinical follow-up is needed to establish true rates 
of intra-articular ACL graft re-rupture and poten-
tial adverse effects such as osteoarthritis. 
Nevertheless, the laboratory data [8, 9] shows 
logic for this additional technique. Since there is 
no evidence base, we add a lateral tenodesis in 
those who are at particular risk of graft re-rupture 
such as those with significant malalignment with 
more than 10° varus or more than 5° valgus align-
ment, those with marked hyperextension of more 
than 10°, a history of previous ACL rupture in the 
contralateral limb or family members with ACL 
tears, all juvenile cases and in all revision cases. 
Whilst randomisation would be possible in the 
general population, it cannot be undertaken in a 
trial of athletes—they simply will not accept 
being involved in such studies.
Rehabilitation following ACL reconstruction 
needs to be taken very seriously in elite foot-
ballers. It is important from the start for a sur-
geon to advise the player that rehabilitation is a 
long program. Previously there was an attempt 
to reduce the rehabilitation times to less than 
6 months (hence, the term ‘aggressive rehabili-
tation’, which we dislike strongly preferring 
‘intensive rehabilitation’)! However, in respect 
of the re-rupture data above, our view is that this 
is inappropriate. We prefer a minimum return to 
play time of 6 months that are more relaxed with 
slowing down rehabilitation towards 9 months 
in professional sport. Even longer time frames 
may be better. The pressure to return early can 
be immense, but it must be resisted by the sur-
geon in charge. It is wise to embrace rehabilita-
tion and communicate freely with the therapist 
involved in it.
40.3.3  An Unusual Condition: ‘Non- 
union’ of MCL Tears
Another pattern that emerged early in our experi-
ence with professional footballers was that there 
was a small group of medial collateral ligament 
injuries which characteristically were minor at 
presentation (usually only grade 0 or 1) that 
apparently recovered quickly at first but then 
developed persisting and disabling pain. The pain 
is typically felt close to the femoral attachment of 
the MCL and occurs when a player makes a long 
crossfield pass or kicks a ‘dead ball’ such as a 
free kick when they need to ‘bend’ the ball in 
flight. They can kick the ball as hard as they want 
‘off the laces’ such as with shooting or volleying 
and can perform anything else but nonetheless 
are disabled from football. Typical examination 
revealed tenderness at the site of pain, minimal 
laxity, and pain on rapid external rotation of the 
knee at 30° flexion. Valgus stress does not par-
ticularly cause pain. A consecutive series of 17 of 
our cases was published [10]. None of these 
patients had responded to non-surgical treatment, 
Fact Box 4
Patellar tendon autografts for ACL recon-
struction have a much lower re-rupture rate 
than hamstring autografts.
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such as ultrasound-targeted injection, and 
required surgery. The characteristic lesion is 
found: the superficial MCL is intact at its femoral 
origin, but the deep MCL is found to have failed 
to heal at its femoral origin. With surgical repair 
in all cases, a return to full activity was possible. 
Since that publication, it has become evident that 
on occasion there is less commonly a failure of 
the MCL to heal on the tibial side and that on one 
occasion, rather than the deep MCL at the femur, 
it was the posterior oblique ligament attachment 
to the femur that had not healed which had a very 
specific presentation—the player could do every-
thing apart from a ‘Cruyff turn’. This manoeuvre 
was first used by the Dutch footballing legend 
Johan Cruyff who would pull the football back 
behind the stance leg to change direction of run-
ning and ‘wrong foot’ an opponent. The kicking 
leg was forced into quick internal rotation to 
achieve this.
40.4  Treating Footballers 
Differently
40.4.1  The Service
The service required to treat professional foot-
ballers properly reflects the demands and envi-
ronment of their profession. Clearly, not all 
doctors would be prepared to offer the level of 
service required as they feel they could not jus-
tify it. A prerequisite for a doctor involved in 
treating athletes is that they feel that the athletes 
are indeed special and that they are reconciled to 
deliver the necessary service. Many knee sur-
geons seem envious of the work that surgeons 
such as the senior author undertake with profes-
sional footballers’ care, but we doubt that few 
realise the hours involved!
The first requirement is total availability and 
the discipline to communicate. With advances in 
information technology, not only are we available 
on the phone but also with email, and MRI scans 
can be reviewed remotely via the Internet. Instant 
response is required, and indeed expected, from 
the players and club. To achieve this, a surgeon 
has to have a sympathetic attitude to the require-
ments of players and therefore an ability to 
deliver without begrudging it. The willingness to 
make oneself available and the discipline of mak-
ing telephone calls and sending text messages 
and emails are only sustainable if the surgeon has 
a well-organised and willing office. The office 
must have the ability to differentiate between 
patients from the general population that can wait 
against sometimes less serious professional foot-
ball cases that require urgent attention. Both the 
surgeon and office staff need to be able to ‘think 
ahead’, so that demands can be answered. This is 
particularly so for arranging appointments, when 
often there are never scheduled appointments 
available to see a busy surgeon! The same applies 
to surgery dates.
It is pertinent to give an example of ‘the ser-
vice’. By way of illustration, the senior author 
took a call from an English Premier League 
team doctor at noon on a Saturday: a young, 
unestablished player twisted his knee and had 
locked it in training that morning. The player 
was admitted to hospital and had an MRI, and 
an arthroscopic medial meniscectomy was 
undertaken. The surgeon drove home 5 h after 
the initial call. To ensure everything occurred 
smoothly, without any undue stress to the player, 
in the 5-h period, the senior author made 30 
phone calls! These were to organise the admis-
sion to hospital and the MRI scan, to brief the 
staff at the hospital reception not to make the 
player wait in reception nor to ask for proof of 
payment (the senior author had to give his own 
credit card details and guarantee payment!), and 
to call the club physio and doctor post-MRI and 
postoperative.
40.4.2  The Consultation
Confidence in the clinician is essential. Just as a 
player on the pitch assesses the quality of their 
opponent, they will have a sixth sense for any 
lack of confidence/competence in the doctor they 
are seeing. To build confidence, the atmosphere 
must be unhurried, and the player should be given 
all the time they require. Consultations of over an 
hour are required at times. It is essential that the 
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doctor can empathise, and they can only do it if 
they believe that football is a serious/important 
business and realise that there are huge pressures 
on the player. One of the first questions is usually 
‘when does your contract expire’? An ACL rup-
ture in the last year of a contract is associated 
with unavoidable increased pressure. 
Thoroughness is vital. Listen carefully as the 
player will usually give you the answer just as 
any patient would. Examination needs to be com-
prehensive. The whole of the club medical team 
(doctors, physios, etc.) need to be involved in the 
decision-making progress too.
Unfortunately, at times the prognosis for a 
player is poor, and the bad news related to this 
has to be communicated with sensitivity. It should 
not be hidden, but the transmission of the infor-
mation is important. The bad news needs to be 
stated as soon as possible, but a positive delivery 
all the same can be helpful; a negative and 
depressing outlook can be disastrous. The truth 
needs to be stated from the beginning, but even 
when faced with an obviously terrible injury, 
nobody can really be certain that failure is inevi-
table. If there is a treatment option, it should be 
undertaken, and it is important that whilst the 
player knows the severity of the problem, they 
proceed positively with good psychology. This is 
obviously a philosophical view, but over the 
years of experience, we have been endlessly sur-
prised by how awful injuries do not preclude a 
return to play. When asked the question ‘do you 
know that he is not going to make it’? The answer 
is no. Therefore, positivity is not necessarily 
misleading.
40.4.3  The Treatment
It is hugely reassuring to a player to have a clear 
treatment plan, outlining the steps of surgery and 
rehabilitation, as well as possible preparation for 
surgery. Time frames are essential. Most profes-
sional footballers, like athletes in general, are 
very robust and when given a plan will work hard 
to achieve the goal.
When it comes to surgery, one of the most 
important guiding principles is for the surgeon to 
undertake as small an operation as possible to 
obtain the desired result. It is often better to do 
less, accepting the risk of potential failure and the 
need for a second operation, than to undertake 
excessive surgery. There is always a ‘price’ for an 
operation in the way of pain, swelling, muscle 
loss and the like. The ability for an athlete to 
‘cope’ with unaddressed structural damage can 
be extraordinary, and the apparent logic of fixing 
injured structures does not always equate to a 
good result. We have never met him, but if Usain 
Bolt were to have bunions (which he may well 
have), it would be madness to treat them 
surgically!
To ensure appropriate surgery is undertaken, 
preoperative planning in great detail is required. 
Excellence comes from attention to detail after 
all. There is no excuse to start an operation and 
‘see how you get on’. It is essential to have good 
help in the operating theatre with the best staff 
available. A surgeon has a lot to think about and 
has concern over, so a good team helps greatly. 
Whilst it is relatively straightforward to under-
take ACL reconstruction without an assistant, it 
is so much easier to do so with one. With a pro-
fessional footballer, why add stress? It is usual 
when operating on professional footballers that 
a physiotherapist, doctor, or both are present 
during the surgery. This adds considerable pres-
sure to the surgeon, but the surgeon must accept 
that this is now the norm, and accepting observ-
ers gives a signal of confidence and openness 
that is positive. The findings at surgery are wit-
nessed by an independent observer who is rep-
resenting the player, and this helps to dissolve 
any feelings of mystery or secrecy. In addition, 
if surprising findings occur, then they can be 
discussed at the time during surgery. This is also 
true for the postoperative rehabilitation. The 
observers learn a lot by being present, and it 
makes them more understanding of the neces-
sary rehabilitation process.
It is important to maintain control of the situa-
tion, and it is wise to use a hospital stay to ensure 
this. It is a mistake to discharge professional foot-
ballers too soon before being certain that compli-
cations such as wound bleeding or failure to fully 
extend the knee have been avoided.




It seems to us that it is often the physiotherapists 
who make the surgeon look good or, on occasion, 
bad! It is therefore logical to embrace them and 
communicate with them. One of the disciplines of 
dealing with professional footballers is the neces-
sity for the surgeon to learn about neuromuscular 
control, contracture, synovitis, and swelling. An 
openness to learn from physiotherapists and about 
rehabilitation is critical. The achievement of a 
good result for a football player represents a com-
bination of effort from the wider medical team, 
including the surgeon, but also critically involving 
the club doctor and physiotherapy team.
The club medical team are often under huge 
pressure from the coaching staff at a club and 
value guidance. Initially this surprised us as we 
felt that they were the experts in rehabilitation. 
We rapidly realised that they appreciated a logi-
cal plan to deliver to the club coaching staff in 
the surgeon’s name as it takes pressure off them. 
This is an explanation of not only timelines but 
also the plan for rehabilitation including weight- 
bearing status, range of motion allowed, require-
ment for bracing or not, mobilisation of soft 
tissue, strengthening, restoration of balance and 
control, and timing to return of activities.
One of the most important lessons learned is 
that the surgeon needs to use time appropriately. 
It is of course a duty to get the player back as 
soon as it is safe to play again, but frequently at 
the start of treatment, stating an unpalatably long 
recovery is important. An inexperienced surgeon 
will often yield to pressure to offer unrealistically 
short timelines to return to play. Breaking the bad 
news early is important. For chondral surgery in 
particular, we have increased our return to play 
times over the years so that a microfracture for a 
tibiofemoral lesion is usually 6–9 months com-
pared to up to 12 months for a patellar lesion.
40.4.5  Nonoperative Treatment
Quite correctly, the vast majority of new consul-
tations do not result in surgery. They are vital to 
give confidence and certainty that surgery is not 
required at that time. Of course a warning that if 
things do not progress as required, surgery may 
be necessary later is important. Nonetheless, 
most consultations will result in a nonoperative 
management plan. This is usually straightfor-
ward for an injury such as a medial collateral 
ligament tear but can be extremely problematic 
for the treatment of synovitis and swelling when 
a period of rest/overload is needed but hard to 
quantify. Part of the surgeon’s duty over the years 
is to educate not only those involved with the care 
of players, but the players themselves, that swell-
ing is not something that should be tolerated 
within a knee. An accumulation of fluid inhibits 
neuromuscular control, and the fluid contains 
chemicals that soften the articular surface which 
can then break down with persistent loading. We 
would say that the biggest problem in dealing 
with professional footballers is indeed the control 
of swelling. This often occurs in the postopera-
tive period due to excessively fast and heavy 
loading in rehabilitation or in players who have 
chronic joint surface damage who then break 
down with training loads or injury. It is likely that 
there is a genetic predisposition to swelling. 
Those athletes who lack the ‘swelling gene’ will 
be expected to make a prompt and safe recovery. 
The ‘swellers’ need much longer for their knee to 
settle and the articular surface to recover before 
they can play safely. Unfortunately, those 
involved in the treatment of football players have 
seen cases where new and significant chondral 
damage has occurred due to failure to respect 
swelling, and this is, of course, permanent.
Most orthopaedic surgeons understand the link 
between mechanical overload, and the occurrence 
and progression of chondral lesions, which may be 
exacerbated by malalignment or loss of congruity of 
a joint following ligament injury. Fewer appreciate 
the role of humeral elements. For example, in a 
knee with an ACL rupture, bone bruising in the lat-
eral compartment reflects the area of subluxation 
that caused the ligament rupture. Yet, if a player per-
sistently loads through swelling in the postoperative 
period, then a lesion of the trochlear groove will 
frequently occur. This area of the joint was com-
pletely uninjured at the time of the ACL rupture, but 
due to the loading through swelling, which softens 
the articular cartilage, it has broken down. This is 
related to the humeral environment of a swollen 
joint [11]. With the result of basic science research 
already mentioned, in time chondro-protectant 
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drugs may allow a more rapid and safe rehabilita-
tion of the injured knee. This time has not yet come, 
and therefore, the key principle is to appreciate that 
swelling in a knee is not normal and should be 
resolved before a return to play. The lesson should 
have been learnt from the 1970s when intra-articu-
lar steroid injections were frequently undertaken, 
allowing the player to overload an already compro-
mised joint surface, thus accelerating chondral 
damage and progression to osteoarthritis.
In practice, the control of swelling is usually 
non-surgical and involves rest, gentle strengthen-
ing, cautious use of anti-inflammatory drugs, and 
intra-articular drainage and injection. It is safe to 
inject viscosupplement and platelet-rich growth 
factors/PRP, but the injection of intra-articular ste-
roid has to be extremely carefully considered. It 
should be viewed as a late option and only be used 
when the player has agreed to have a prolonged 
period of weeks off playing after the injection.
40.5  Football Medicine: 
The Madness
40.5.1  Journalists and the Media 
in General
Many of the players treated have a big media pro-
file, and their injury will generate a lot of news-
print. The best policy is to never discuss a specific 
case, or in fact cases in general, with journalists. 
It is incredibly tempting for a young surgeon, 
particularly if they are excited to be involved in 
professional football injury work, to ‘try to be 
helpful’ or even self-promoting. To do so com-
promises the special relationship with the player 
and can rarely be justified. The confidentiality of 
the player should be paramount. Things will be 
said and facts learnt must remain confidential.
40.5.2  Agents
Generally speaking, football agents have earned 
a bad reputation. Their profile within our work 
has increased over time. Not all of this is bad. 
Having been established in treating footballer’s 
knee injuries for nearly 20 years, the senior 
author has got to know many of the agents who 
look after his patients. As a result, there is an ele-
ment of trust, and the working relationship 
becomes easier. Agents can of course make life 
difficult, particularly when they wish to interfere 
with pre-signing medicals for clubs or criticise 
treatment. They can be difficult when a player’s 
recovery is not going well, and they take the 
player to another surgeon for a second opinion. It 
is not only undermining but very stressful. There 
are, however, agents who generally care about a 
player, particularly when the player is young, and 
this is often overlooked by the media and the 
public too.
40.5.3  Other Doctors
When treating professional footballers, a surgeon 
will frequently see a player who has previously 
had treatment with another clinician. In the pres-
sured atmosphere of the consultation, it is very 
easy to make comments about the previous treat-
ment, and a surgeon should be extremely careful 
in doing so. What seems to be clear at that moment 
may not be as the surgeon thinks. Even minor dis-
paraging remarks can be misconstrued by the 
player and cause tremendous anxiety and stress to 
the first clinician and even lead to legal action.
Another aspect is that some doctors are envi-
ous of a clinician’s practice and make unjustified 
but nonetheless unpleasant comments. The senior 
author has learnt over the years that there is a lot 
of jealousy and the best way to deal with it is to 
ignore it and be above criticism by ensuring that 
his personal behaviour and practice are of the 
highest standard; one can do no more than this.
40.5.4  Medicolegal
The potential for lawsuits is increasing, partly 
due to the attitude of patients and the potential for 
large financial gains. A surgeon treating profes-
sional footballers can be sued by the player, the 
agent, the sponsor, and the club. The stakes are 
therefore high.
In a well-documented case in which the 
senior author was an expert witness, the dam-
ages claimed meant that despite the fact that the 
footballer was awarded much less than he had 
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requested, the two major medical indemnity 
companies in the UK stopped insuring doctors 
for dealing with professional sportsmen. In this 
case, a mid-20s midfielder had an isolated grade 
II PCL rupture that should have, of course, been 
treated non-surgically. However, he had an 
arthroscopy followed a week or 2 later by a PCL 
reconstruction using allograft. Surgery was per-
formed in such a bad manner that the tibial tun-
nel appeared to be in the position of an ACL 
tunnel, and, unfortunately more severe, the fem-
oral tunnel exploded the medial femoral con-
dyle causing an intra-articular fracture. The 
player subsequently had an osteotomy and 
recovered well enough to become a football 
coach but disappointingly lost his footballing 
career. Despite being a player in an English 
Championship League team (i.e. the second 
tier) and being relatively unknown, his claim 
was for £8.5 million. At that time, the maximum 
cover from the insurance companies to doctors 
was £10 million.
With a potential of four lawsuits from various 
parties affected, clearly, insurance cover was 
inadequate for any clinician treating professional 
athletes. As a result of this case, a new insurance 
scheme has been developed which is more help-
ful to surgeons involved in treating professional 
athletes, but unfortunately the cover is still only a 
maximum of £20 million. Whilst experienced 
surgeons dealing with large numbers of athletes 
are at high risk because of the volume of surgery 
undertaken, those surgeons who infrequently 
treat athletes are at high risk due to their inexperi-
ence with the demands that have to be met. The 
classic scenario is the tibial fracture in profes-
sional footballers. This usually gets treated, like 
any other patient, via the emergency department, 
and the on-call surgeon undertakes the surgery. In 
my experience from dealing with the aftermath of 
such cases, the complication rates are extremely 
high. It often relates to simple problems such as 
prominence of metal work, which requires fur-
ther intervention. Attention to detail is required to 
a much greater extent in professional footballers 
than usual. Unfortunately, this is not always 
appreciated by those unused to dealing regularly 
with professional footballers. Thinking ahead 
and planning customised surgery are keys when 
dealing with athletes.
40.5.5  Advice on Survival
Necessarily, dealing with elite footballers is a stress-
ful, time-consuming, and energy-sapping activity. 
To be able to sustain it in the longer term, it is impor-
tant for the surgeon to have a robust psychology and 
coping strategies. The level of service required will 
affect not only the surgeon but also his or her family 
life. Phone calls at night and over weekends are the 
norm as well as over the holiday periods.
Of course what we have to say is relevant to us 
and may or may not be relevant to other people, 
but here are some thoughts that may be helpful. 
Firstly, realise that it was your choice to be 
involved in this work and nobody else’s. You 
could say no, but if you do not, then you must 
accept the situation. Be aware of the fact that it is 
a privilege to deal with such a special group of 
people and that there has to be a personal cost for 
this. In our experience, an appreciation of being 
lucky enough to undertake this line of work 
forces a feeling of positivity about the opportu-
nity and ability to cope with the downsides.
Secondly, surround yourself with a team who 
look after you. This includes your family; it is 
fortunate to have a tolerant and understanding 
spouse! The office must be tuned to provide the 
highest level of service for football. The secretar-
ies must have a ‘sixth sense’ to give the ‘right 
answer’ to a football team representative, even 
without referring to the surgeon. Clinical col-
leagues need to understand what is needed. It is 
your background team who support you.
Thirdly, you must love sport. If you do not, 
then you will never understand why the pressures 
are applied to you to see patients who have seem-
ingly minor problems that appear to be exagger-
ated compared to normal patients. You should 
realise that for these patients, these minor prob-
lems are actually serious issues. If you do not 
have a love for sport, you will not find it easy to 
find the empathy required to treat footballers 
properly and with the respect they deserve.
Fourthly, you have to realise that even when 
you do your best, seemingly achieve good results, 
and give excellent advice, due to the nature of the 
environment in which the players live, your sen-
sible judgement will be questioned without justi-
fication! You must develop a tolerance of players 
being moved to other specialists, even without 
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you being informed. There is no loyalty in foot-
ball, and this extends to the medical staff too. 
People are certainly not always nice. When you 
realise these facts, it is much less stressful to 
accept such disappointments.
Fifthly, do not forget that this is fascinating 
and exciting work and a very good discipline for 
excellence. It will help you treat your nonsport-
ing patients in a better way. There are also privi-
leged occasions when you can enjoy the success 
of a player or team. It is important that you enjoy 
these times, as it energises you for the future, but 
only in a discrete and private manner. It must not 
be converted to a public display of self- 
congratulation or arrogance. You must not forget 
that in this business, you are only as good as your 
last case, and failure is not tolerated well.
Sixthly, and finally, you usually have one 
chance to get the situation right in terms of the 
quality of consultation with the player, the 
decision- making process, advice given, or, of 
course, surgery. Attention to detail with a high 
level of discipline is required to ‘get it right the 
first time’. As well as medical skills, this includes 
the highest levels of discipline, self-control, and 
personal behaviour. Some would describe this as 
‘soft touch’. Being attuned to behave in an appro-
priate way is invaluable as it will encourage trust 
and faith from the player and the club 
concerned.
Take-Home Message
Whilst treating professional footballers is a chal-
lenge and, at times, very stressful, it should not 
be forgotten that it is also hugely helpful in 
improving a surgeon’s ability to treat the normal 
population as well as being a privilege. Football 
has genuinely driven improvements in care for all 
people.
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41.1  Introduction
41.1.1  Football and ACL Injuries
Despite the fact that football is played in wide 
field, most of the action takes place in limited 
spaces with a high level of combat, physical 
activities, and technical skills [1]. Aerobic and 
anaerobic capacity, muscular strength, power, 
endurance, flexibility, balance, proprioception, 
speed, agility, and functional movements are the 
targeted means [2]. Failure to address the require-
ments of the game may result in an anterior cruci-
ate ligament (ACL) injury.
41.1.2  Treatment of ACL Injuries
It is estimated that 125,000–200,000 anterior cru-
ciate ligament reconstructions (ACLR) are 
thought to be performed per year in the United 
States [3]. There are various methods to perform 
ACLR, and the aim is to stabilize the knee and 
allow the athlete to return to football at the high-
est performance [4, 5].
41.1.3  Rehabilitation After ACL 
Reconstruction
Despite the improved surgical techniques and reha-
bilitation protocols, approximately two- thirds of 
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the surgically operated athletes are observed not to 
be able to return to the condition of their pre-injury 
sports level even after a year [3]. Rerupture rates 
for the operated knee in athletes who return to their 
previous sports and competitive level are 3–19%, 
and rupture for the contralateral side is 9–24% [6].
The rehabilitation program should be well orga-
nized and systematic in order to safely guide the ath-
lete back to previous level. The phases are usually 
acute, subacute, functional, and return to sport. The 
transition timings should be based on certain criteria 
(joint range of motion, strength, gaining function); 
assignments should be intensive but not aggressive 
and, rather than completing the time given, changing 
as long as the improvements are done [7, 8]. By the 
end of the program, the athlete should have regained 
normal range of motion, muscle strength, balance, 
and proprioception which is followed by return to 
sports programs. In the “return to sports” phase, the 
aim is to prepare the athlete against competitive 
activities by teaching special movement patterns 
under a controlled condition [9].
41.1.4  Return to Sport Programs
Before starting the program, the athletes should 
fulfill the minimum criteria:
 – Subjective knee examination of the patient 
must be at least 70 according to the International 
Knee Documentation Committee.
 – No postsurgical history of giving away or neg-
ative pivot shift.
 – A minimum baseline strength knee extension 
peak torque/body mass of at least 40% (male) 
and 30% (female) at 180º/s [10].
The key for a successful program is one-on- 
one approach allowing to set the program inten-
sity and content. Compatible movement is 
another important factor between surgeon, ath-
lete, sports physiotherapist, and athletic trainer.
41.2  Determinative Tests 
of Return to Sport
41.2.1  Isokinetic Tests
Isokinetic dynamometer tests are often used to 
assess maximal power production in injured [11] 
or uninjured legs after surgery. Isokinetic testing 
is reported to be safe in terms of graft rupture 
even at 6 months postoperatively [12]. The 
importance of isokinetic tests for safe return of 
sports is known, but the correlation between 
these tests and functional strength tests is ques-
tioned [13, 14].
41.2.2  Subjective Assessment Tests
IKDC 2000 is a reliable and valid tool for 
measuring knee symptoms, function, and 
sport involvement of patients following knee 
injury. IKDC is often used to determine the 
knee function of patients after ACL surgery. It 
is used to identify knee deficits and physical 
performance after ACL surgery and to deter-
mine successful knee function and to increase 
knee function with proper rehabilitation use 
[6, 15, 16].
41.2.3  Functional Performance Tests 
(FPT)
Functional tests should measure the perfor-
mance level. Measurements should include 
both extremities so that operative leg perfor-
mance can be proportional. This proportion is 
called the extremity limb symmetry index 
(LSI). A test battery for a football player who 
has suffered an ACL injury should include 
leap, agility, and endurance. Physical resources, 
such as strength and power, as well as proper-
ties such as acceleration, sprinting, jumping, 
P. Pişirici et al.
pieter.orthopedie@gmail.com
561
and durability are the determinants for perfor-
mance in terms of ensuring continuity of these 
properties [17].
41.2.3.1  Use of Functional Tests 
in Football
The choice of appropriate FPT requires careful 
assessment of safety, interest, specificity, and prac-
ticality [18]. An aggressive FPT may be performed 
on injured knees, usually after 12–16 weeks of soft 
tissue repair [19].
41.2.3.2  Application of  
Functional Test
Tests should be planned, so those requiring 
explosive power should be done on the first day, 
followed by more strenuous aerobic conditions 
[18, 20]. A standard warming protocol should be 
applied to athletes before performing functional 
tests. The purpose of warming is to increase heart 
rate, blood flow, body temperature, and respira-
tion [21]. Static or dynamic stretches are recom-
mended prior to maximal effort tests to reduce 
the risk of injury and to prevent muscle stiffness 
after activity. Experiments should be performed 
to avoid risky outcomes in functional tests [22, 
23]. Performing the tests in a hierarchical order is 
important to avoid injuries that may occur during 
testing as depicted in Table 41.1.




In a number of field tests which have been 
designed for use in soccer for the assessment of 
aerobic fitness, the Yo-Yo tests have become pop-
ular in recent years. Yo-Yo tests have been 
designed for use in soccer for the assessment of 
aerobic fitness. There are two versions of the 
Yo-Yo intermittent test. The Yo-Yo intermittent 
endurance (YYIE) test allows a recovery period 
of 5 s, while the Yo-Yo intermittent recovery 
(YYIR) test allows 10 s. Two levels of each test 
have been developed, one for young people, ama-
teur athlete elite, or habitually active people (L1) 
and an advanced one for elite athletes who have 
progressed through all the level 1 stages (L2) [24].
In the Yo-Yo intermittent recovery test 
(Fig. 41.1), participants make 2 × 20 m shuttle 
runs at increasing speeds that are made backward 
and forward between the start, turn, and finish 
lines. Each shuttle run has an active recovery 
period of 10 s, within 5 m of the participants’ 
walking or jogging. The running speed at the test 
is determined by the automatically controlled 
warning chimes. The funnel is used to determine 
Table 41.1 Commonly used functional performance tests and the components addressed
Endurance Agility Strength Coordination Stability
Yo-Yo test ✓
The shuttle run test ✓
Modified agility T test ✓
Single-leg hop test ✓
Single-leg cross hop test ✓ ✓
Square hop test ✓
Single-legged vertical jump test ✓ ✓
The box landing
Five-jump test ✓ ✓ ✓
Single-leg 6 m timed hop test ✓ ✓
Single-legged squat test ✓ ✓ ✓ ✓
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running strips 2 m wide and 20 m long. Each strip 
has another funnel located 5 m behind the starting 
line, and this area shows the recovery zone. The 
test is terminated when the athlete runs out of 
power or fails to reach the finish line twice, and the 
total distance run in the test (including the endless 
last shuttle run) is calculated as the test result [25].
Agility Tests
Modified Agility T  Test
Agility T test was modified to show lower 
extremity side-to-side differences in cutting 
and running maneuvers. This modification, 
included four 90° directional switches isolated 
in a single direction throughout the test. The 
aim is to reach at least 90% symmetry between 
the two extremities. For the modified T test 
(Fig. 41.2), the starting foot is left to the player. 
The participant is first directed by the test man-
ager in the direction of shuffling motion 
throughout the course and not running on the 
lateral movement parts of the test and not tak-
ing cross steps. When they feel that rest is suf-
ficient (about 2 min), the test is applied in the 
other direction. The test is performed twice for 
each direction. The best time for each direction 
is recorded [26, 27].
The Shuttle Run Test
Shuttle run test (Fig. 41.3) measures speed 
and agility of the athlete while changing 
direction [28]. This test requires the athlete 
to run as much as she/he can and turn to the 
other side on the operated leg at the end of 
the designated area. Reliability and validity 
of shuttle run test are acknowledged in the 
literature [29].
5 m 20 m






Fig. 41.2 Modified T 
test
Fact Box 1
• Testing should be done subsequently.
• The tests should be planned as tests con-
sisting of explosive power of the first 
day and then the tests consisting of more 
tiring aerobic sprints on the other day 
subsequently.





In single-leg jump test (Fig. 41.4), the athlete 
stands on her/his single leg, jumps as much as 
possible, and falls onto the same leg keeping bal-
ance for at least 2 s. Total distance is measured as 
the interval between the starting point and rear 
heel of the leg on the floor. Each foot is tested 
twice, the tests are averaged, and this average is 
used for calculating in accordance with extremity 
symmetry index [1, 30, 31].
Single-Leg Triple Hop Test
In triple jump test (Fig. 41.4), the patient stands 
on her/his single leg and performs three jumps as 
much as possible successively. The patient should 
fall onto the same leg and keep her/his balance 
for at least 2 s after falling down. Waiting for 
more than 1s between second and third jumps 
and loss of balance invalidate the test [32]. Total 
distance is measured starting from the starting 
point, and it is measured up to the contact point 
of heel to the ground after third jump is  completed 
[33]. Each extremity is tested between one and 
three tries; its average is taken and evaluated 
according to extremity symmetry index [26, 30].
Single-Leg Cross Hop Test
In single-leg cross jump test (Fig. 41.4), a band 
with 15 cm width and 6 m length is placed on the 
center of the ground. The athlete should jump for-
ward on the same leg successively by crossing the 
band three times. The athlete should keep her/his 
20 m
Shuttle run test
Fig. 41.3 Shuttle run test
Single-leg hop test
Single Triple Crossover Timed
Fig. 41.4 Single-leg 
hop tests
Fact Box 2
In single hop tests, a difference in limb per-
formance greater than 5% is classified as 
abnormal and may indicate an increased 
risk for giving away of knee during sport 
activation.
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balance for 2 s during the test and after the last 
hop. The total distance is calculated and each 
extremity is tested twice. Their averages are taken, 
and it is calculated according to LSI (limb sym-
metry index) [30].
Single-Leg 6 m Timed Hop Test
The 6 m hop test (Fig. 41.4) requires the patient 
to jump 6 m as fast as possible on single leg. 
Time is calculated with chronometer. Two mea-
surements are taken for each extremity. Their 
averages are taken and calculated according to 
LSI [30].
Single-Legged Vertical Jump Test
Single-legged vertical jump test (Fig. 41.5) can 
be performed with computer systems or simply 
by signing the wall with a piece of chalk. At the 
beginning, patient extends the arm to the point 
where he/she can extend maximal. Then patient 
stands on single leg and performs maximal verti-
cal jump and required to land on the same leg. 
Then, the point where she/he touches is deter-
mined again, and the distance between this point 
and the point determined beforehand is recorded 
[20]. Patient is asked to try the test three times; 
the best score is recorded.
Vertical Jump Test Followed by Double Jump
Vertical jump test followed by double jump 
requires hands are at the back and on the affected 
leg with 30 cm height. A band 45 cm ahead of the 
box is placed in a way that will sign the starting 
point. The athlete jumps without crossing the 
starting point or contacting the line in a way that 
she/he will fall onto single leg and instantly per-
forms maximal jumps twice on the same leg. The 
distance is measured from the starting position 
till the heel line of the patient’s tested leg [34].
Square Hop Test
In square hop test, it should be stood outside of a 
square area placed on the ground with band in the 
form of 40 × 40 on the leg to be tested and hands 
should be backward. And, a 10 cm framework is 
signed around the square test area. The patients 
are asked to jump clockwise inward and outward 
of the square for 30 s for the right leg. If more 
than 25% of the tests includes fault, another 30 s 
testing is carried out after resting period of 3 min. 
On the other hand, a counterclockwise testing is 
performed for the left leg [34].
Five-Jump Test
Five-jump test requires five jumps performed 
successively. The athlete jumps forward with her/
his single leg from the starting position. After 
four jumps in which right and left feet change 
alternatively, the individual should finish the last 
jump with the starting foot [35].
Stabilization Tests
Single-Legged Squat Test
Patients stand on a box with a height of 20 cm 
and make squat five times on single leg in a way 
Vertical jump test
Fig. 41.5 Vertical jump 
test
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that their arms will be cross on the chest and in a 
slow and controlled way (2 s per squat). The test 
is evaluated as “good,” “sufficient,” or “weak.” 
For a test to be acceptable, the patient should 
make the movement properly, squat should be at 
least 60º, the patient should be able to keep her/
his balance, body movement (lateral deviation, 
rotation, lateral flexion, forward flexion) and hip 
movement (lateral displacement, lateral devia-
tion, rotation or tilt) should not be at all, and hip 
adduction and internal rotation should not be 
observed at all. Furthermore, it should not be val-
gus on the knee, and center of the knee should 
stay over the center of the foot [36].
41.3  Discussion
Functional performance and field tests are crucial 
for the physiotherapists and athletic trainers to 
rehabilitate the athlete to her/his previous perfor-
mance level after ACLR.
The fact that laboratory tests take more time 
and cost than in field tests and also logistic 
requirements for taking team to laboratory are 
important factors in determining the availability 
and effectiveness of laboratory tests, which are 
often more reliable and valid, leads to the design 
of credibility field tests [24]. Although field tests 
are influenced by environmental factors such as 
the ground and air conditions, field tests are pre-
ferred because of their sport specificity, less time, 
and equipment requirements [37].
While the athlete continues to be rehabilitated 
on the field, we are not sure that the tests we run 
have a combination of different dynamics. The 
dynamics are meaningful when they come 
together, because you cannot expect agility when 
there is lack of strength and you cannot expect 
full coordination when there is lack of stabiliza-
tion. For this reason, it is necessary to deal with 
the athlete in many ways. That is, we should use 
the most reliable tests in series instead of using 
field tests separately. Although each test contains 
several dynamics within itself, it is emphasized 
that the combined use of the tests gives more suf-
ficient and reliable results.
When evaluating the results between unin-
jured and injured leg reference is taken as injured 
side being 90% of the uninjured side. If the unin-
jured leg performance should be accepted as nor-
mal, we need to know its performance before it 
got injured. So we can say that preseason screen-
ing may be essential for future improvement of 
return to sports.
The relationship among functional testing, 
clinical evaluation, and subjective evaluation is 
found to be inadequate, perhaps because each 
method evaluates the patient in one healing 
period, and therefore different aspects are miss-
ing. It is also stated that the test communities 
increase the sensitivity [38]. Reliability and 
repeatability were found to be sufficient in inde-
pendent tests which are used for testing the reli-
ability of test combinations [39].
In addition to assessing the return of the injured 
player to the sport, field tests also allow the recov-
ered player to be observed during certain periods 
of the season and to make program changes if nec-
essary. Field test programs that can be repeated 
within a day, without interrupting the routine train-
ing program, which can be repeated at intervals 
determined for recovered players during the sea-
son, can be planned for athletic specificity [40].
The order of construction of the tests should be 
based on agility, power and strength, sprints, local 
muscular endurance, anaerobic capacity, and 
lastly the order of aerobic capacity testing accord-
ing to the National Strength and Conditioning 
Association (NSCA) test sequence, taking into 
account rest stops and fatigue levels [41].
Considering this ranking, the program that we 
will play on the recovered player will be com-
pleted with a sufficient warm-up phase, and then 
the agility tests will be completed with the tests 
such as pro agility test, modified T test, and 
Illinois test with/without ball. In the future, hop 
and vertical jump tests are used in healthy ath-
letes to determine muscular strength, neuromus-
cular coordination, and stabilization of the lower 
extremity joints and to determine abnormal limb 
symmetry and weakness. Anaerobic evaluation is 
done by repeated sprint tests (RST). Finally, the 
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Yo-Yo intermittent test completes the aerobic test 
[16, 19, 37, 42].
Take-Home Message
• Failure to address the requirements of the 
game may result in an ACL rerupture.
• By the end of the rehabilitation program, the 
athlete should have regained normal range of 
motion, muscle strength, balance, and 
 proprioception which is followed by return to 
sports programs.
• The key for a successful program is one-on- one 
approach allowing to set the program intensity 
and content. Compatible movement is another 
important factor between surgeon, athlete, 
sports physiotherapist, and athletic trainer.
• Each test should be applied with utmost atten-
tion, and results should be interpreted 
judiciously.
• Although each test contains unique measure-
ments, it should be kept in mind that the com-
bined use of the tests gives more sufficient and 
reliable results.
• It should not be forgotten that field tests do not 
evaluate isolated quadriceps strength.
• The most frequently preferred test combina-
tion contains four different hop tests.
Top 5 Evidence Based References
Ardern CL, Taylor NF, Feller JA et al (2014) Fifty-five 
percent return to competitive sport following anterior 
cruciate ligament reconstruction surgery: an updated 
systemic review and meta-analysis including aspects 
of physical functioning and contextual factors. Br J 
Sports Med 48:1543–1552
Bizzini M, Hancock D, Impellizzeri F (2012) Suggestions 
from the field for return to sports participation follow-
ing anterior cruciate ligament reconstruction: soccer. J 
Orthop Sports Phys Ther 42(4):304–312
Myer GD, Paterno MV, Ford KR et al (2006) Rehabilitation 
after anterior cruciate ligament reconstruction: 
criteria- based progression through the return-to-sport 
phase. J Orthop Sports Phys Ther 36(6):385–402
Barber-Westin SD, Noyes FR (2011) Factors used to 
determine return to unrestricted sports activities after 
anterior cruciate ligament reconstruction. Arthroscopy 
27(12):1697–1705
Williams D, Heidloff D, Haglage E et al (2015) Anterior 
cruciate ligament functional sports assessment. Oper 
Tech Sports Med 24:59–64
References
 1. Hoff J, Helgerud J (2004) Endurance and strength 
training for soccer players: physiological consider-
ations. Sports Med 34(3):165–180
 2. Orishimo KF, Kremenic IJ, Mullaney MJ et al (2010) 
Adaptations in single-leg hop biomechanics following 
anterior cruciate ligament reconstruction. Knee Surg 
Sports Traumatol Arthrosc 18(11):1587–1593
 3. Ardern CL, Taylor NF, Feller JA et al (2014) Fifty-five 
percent return to competitive sport following anterior 
cruciate ligament reconstruction surgery: an updated 
systemic review and meta-analysis including aspects 
of physical functioning and contextual factors. Br J 
Sports Med 48:1543–1552
 4. Myer GD, Schmıtt LC, Brent JL et al (2011) Utilization 
of modified NFL combine testing to identıfy func-
tional deficits in athletes following ACL reconstruc-
tion. J Orthop Sport Phys Ther 41(6):377–387
 5. Sendelides T, Kouidi E, Metaxas T et al (2003) 
Cardiorespiratory adaptations in soccer players. Hung 
Rev Sports Med 44:141–151
 6. Mehran N, Williams PN, Keller RA et al (2016) 
Athletic performance at the national basket-
ball association combine after anterior cruciate 
ligament reconstruction. Orthop J Sports Med 
4(5):2325967116648083. https://doi.org/10.1177/ 
2325967116648083
 7. Bizzini M, Hancock D, Impellizzeri F (2012) 
Suggestions from the field for return to sports partici-
pation following anterior cruciate ligament reconstruc-
tion: soccer. J Orthop Sports Phys Ther 42(4):304–312
 8. Fitzgerald GK, Lephart SM, Hwang JH et al (2001) 
Hop tests as predictors of dynamic knee stability. J 
Orthop Sports Phys Ther 31(10):588–597
 9. Souissi S, Wong DP, Dellal A et al (2011) Improving 
functional performance and muscle power 4-to-6 
months after anterior cruciate ligament reconstruc-
tion. J Sports Sci Med 10:655–664
 10. Myer GD, Paterno MV, Ford KR et al (2006) 
Rehabilitation after anterior cruciate ligament recon-
struction: criteria-based progression through the 
return-to-sport phase. J Orthop Sports Phys Ther 
36(6):385–402
 11. Barber SD, Noyes FR, Mangine RE et al (1990) 
Quantitative assessment of functional limitations in 
normal and anterior cruciate ligament-deficient knees. 
Clin Orthop Relat Res 255:204–214
 12. Hoff J, Wısløff U, Engen LC, Kemi OJ, Helgerud 
J (2002) Specific aerobic endurance training. Br J 
Sports Med 36(3):218–221
 13. Davies GJ, Zilmer DA (2000) Functional progression 
of a patient through a rehabilitation program. Orthop 
Phys Ther Clin N Am 9:103–118
 14. Smaros G (1980) Energy usage during a football 
match. In: Vecciet L (ed) Proceedings of the 1st inter-
national congress on sports medicine applied to foot-
ball. D. Guanello, Rome, pp 795–801
 15. Kollock R, Lunen BLV, Ringleb SI et al (2015) 
Measures of functional performance and their asso-
P. Pişirici et al.
pieter.orthopedie@gmail.com
567
ciation with hip and thigh strength. J Athl Train 
50(1):14–22
 16. Mirkov D, Nedeljkovic A, Kukolj M et al (2008) 
Evaluation of the reliability of soccer-specific field 
tests. J Strength Cond Res 22(4):1046–1050
 17. Hamilton RT, Shultz SJ, Schmitz RJ (2008) Triple 
hop distance as a valid predictor of lower limb sym-
metry and power. J Athl Train 43(2):144–151
 18. Nakayama Y, Shirai Y, Narita T et al (2000) Knee 
functions and a return to sports activity in competitive 
athletes following anterior cruciate ligament recon-
struction. J Nippon Med Sch 67(3):172–176
 19. Castagna C, Impellizzeri FM, Belardinelli R et al 
(2006) Cardiorespiratory responses to Yo-yo intermit-
tent endurance test in nonelite youth soccer players. J 
Strength Cond Res 20:326–330
 20. Lephart SM, Kocher MS, Harner CD et al (1993) 
Quadriceps strength and functional capacity after 
anterior cruciate ligament reconstruction: patellar 
tendon autograft versus allograft. Am J Sports Med 
21:738–743
 21. Paterno MV, Schmitt LC, Ford KR et al (2010) 
Biomechanical measures during landing and pos-
tural stability predict second anterior cruciate 
ligament injury after anterior cruciate ligament 
reconstruction and return to sport. Am J Sports Med 
38(10):1968–1978
 22. Gokeler A, Welling W, Zaffagnini S et al (2017) 
Development of a test battery to enhance safe return to 
sports after anterior cruciate ligament reconstruction. 
Knee Surg Sports Traumatol Arthrosc 25:192–199
 23. Reiman MP, Manske RC (2009) Functional test-
ing in human performance. Human Kinetics, 
Champaign, IL
 24. Thacker SB, Gilchrist J, Stroup DF et al (2004) The 
impact of stretching on sports injury risk: a system-
atic review of the literature. Med Sci Sports Exerc 
36(3):371–378
 25. Manske R, Reiman M (2013) Functional performance 
testing for power and return to sports. Sports Health 
5(3):244–250
 26. Hall MP, Paik RS, Ware AJ et al (2015) Neuromuscular 
evaluation with single leg-leg squat test at 6 months 
after anterior cruciate ligament reconstruction. Orthop 
J Sports Med 3(3):2325967115575900. https://doi.
org/10.1177/2325967115575900
 27. Metaxas TI, Koutlianos NA, Kouıdi EJ et al (2005) 
Comparative study of field and laboratory tests for 
the evaluation of aerobic capacity in soccer players. J 
Strength Cond Res 19(1):79–84
 28. Logerstedt D, Grindem H, Lynch A et al (2012) 
Single-legged hop tests as predictors of self-reported 
knee function after anterior cruciate ligament recon-
struction: the Delaware-Oslo ACL cohort study. Am J 
Sports Med 40(10):2348–2356
 29. Keays SL, Bullock-Saxton J, Keays AC (2000) 
Strength and function before and after anterior cru-
ciate ligament reconstruction. Clin Orthop Relat Res 
373:174–183
 30. Brotzman SB, Wilk KE (2007) Handbook of ortho-
paedic rehabilitation. Elsevier, Atlanta, GA
 31. Gustavsson A, Neeter C, Thomeé P et al (2006) A 
test battery for evaluating hop performance in patients 
with an ACL injury and patients who have undergone 
ACL reconstruction. Knee Surg Sports Traumatol 
Arthrosc 14:778–788
 32. Sporıs G, Jukıc I, Milanovıc L et al (2010) Reliability 
and factorial validity of agility tests for soccer play-
ers. J Strength Cond Res 24(3):679–686
 33. Bolgla LA, Keskula DR (1997) Reliability of lower 
extremity functional performance tests. J Orthop 
Sports Phys Ther 26(3):138–142
 34. Gremion G (2005) Is stretching for sports perfor-
mance still useful? A review of the literature. Rev 
Med Swiss 1(28):1830–1834
 35. Ostenberg A, Roos E, Ekdahl C et al (1998) Isokinetic 
knee extensor strength and functional performance 
in healthy female soccer players. Scand J Med Sci 
Sports 8(5 Pt 1):257–264
 36. Crossley KM, Zhang WJ, Schache AG et al (2011) 
Performance on the single-leg squat task indicates 
hip abductor muscle function. Am J Sports Med 
39(4):866–873
 37. Walker S, Turner A (2009) A one-day field test bat-
tery for the assessment of aerobic capacity, anaerobic 
capacity, speed, and agility of soccer players. Strength 
Cond J 31(6):52–60
 38. Jamshidi AA, Olyaei GR, Heydarian K, Talebiana 
S (2005) Isokinetic and functional parameters in 
patients following reconstruction of the anterior cru-
ciate ligament. Isokinet Exerc Sci 13(4):267–272
 39. Harman E (2008) Principles of test selection and 
administration. In: Baechle TR, Earle RW (eds) 
Essentials of strength training and conditioning. 
Human Kinetics, Champaign, IL, pp 237–247
 40. Barber-Westin SD, Noyes FR (2011) Factors used 
to determine return to unrestricted sports activi-
ties after anterior cruciate ligament reconstruction. 
Arthroscopy 27(12):1697–1705
 41. Wilk KE, Macrina LC, Cain EL et al (2012) Recent 
advances in the rehabilitation of anterior cruci-
ate ligament injuries. J Orthop Sports Phys Ther 
42(3):153–171
 42. Williams D, Heidloff D, Haglage E et al (2015) 
Anterior cruciate ligament functional sports assess-
ment. Oper Tech Sports Med 24:59–64
41 On Field Testing After Anterior Cruciate Ligament Reconstruction
pieter.orthopedie@gmail.com
569© ESSKA 2018 
V. Musahl et al. (eds.), Return to Play in Football, https://doi.org/10.1007/978-3-662-55713-6_42
Return to Play After Posterolateral 
Corner Injuries
Pablo E. Gelber, Magnus Forssblad, 
and Dani Romero-Rodríguez
Contents
42.1  Introduction .............................................  569
42.2 Grading and Classification  
          of PLC Injuries ........................................  570
42.2.1  FCL Injuries ..............................................  570
42.2.2  Isolated PLC Injuries ................................  571
42.2.3  PLC Injuries Associated with  
Cruciate Ligament Injuries .......................  571
42.2.4  Recommended Postoperative  
Rehabilitation ............................................  573
 References ..............................................................  580
42.1  Introduction
Injuries to the posterolateral corner (PLC) of the 
knee are infrequently seen but can lead to chronic 
disability due to persistent instability and articu-
lar cartilage degeneration if not appropriately 
treated [1]. Successful treatment of these lesions 
requires a detailed understanding of the anatomi-
cal complexity and biomechanics of the region. 
Injuries are graded according to the structural 
involvement and the resulting patterns of insta-
bility. Although some mild PLC injuries can be 
treated nonoperatively, most require surgery [2]. 
Reconstruction techniques vary widely depend-
ing on the severity of the injury and personal 
preferences and differ in their ability to recreate 
the biomechanics of the region. Approaches to 
reconstruction range from open surgery to mini-
mally and arthroscopically assisted techniques. 
Depending on each specific case, therefore, post-
operative rehabilitation protocols and return to 
play vary greatly. This chapter gives an overview 
of current scientific evidence and recommenda-
tions to successfully approach return to play after 
PLC injuries of the knee.
The PLC of the knee consists of multiple ana-
tomic structures that are responsible for the pos-
terolateral stabilization. While many components 
of the posterolateral corner have been identified 
[2–5], three main structures provide most of the 
functional mechanics of the region, particularly 
from a surgical reconstruction perspective: the 
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fibular collateral ligament (FCL), the popliteus 
tendon (PLT), and the popliteofibular ligament 
(PFL). These elements prevent varus angulation, 
posterior tibial shift, and excessive external rota-
tion of the knee [6].
Several series have reported outcomes follow-
ing PLC reconstructions, but data on long-term 
results of PLC reconstructions are limited. 
Prospective randomized studies are lacking, and 
the few studies published to date are case-control 
cohort studies or case series. Notwithstanding, 
the results in most short-term studies and the few 
long-term studies available are positive [7–10]. It 
is difficult to effectively compare clinical out-
comes; however, because the rates of associated 
injuries are high, acute and chronic cases are 
mixed, and treatment outcome measurements are 
inconsistent. Furthermore, research regarding 
return to play in football and other similarly 
demanding sports after PLC injuries is limited. 
Few series, for example, have reported Tegner 
scores or the KOOS subscale function in sport, 
and detailed and individual information is 
lacking.
42.2  Grading and Classification 
of PLC Injuries
It is necessary to differentiate mild from moder-
ate/severe PLC injuries. Although scientific evi-
dence is lacking, it is logical that expectations 
differ regarding return to play in football. First, it 
is mandatory to rule out associated injuries, spe-
cifically those involving the cruciate ligaments. 
The second crucial step to treat these injuries 
properly is to grade the severity and then tailor 
the reconstruction to the grade.
For a grading system to be considered optimal 
in PLC injuries, it must include assessment of 
both varus and rotational stabilities. The grading 
system described by Fanelli and Larsen [11] ful-
fills this requisite. It classifies PLC injuries as 
types A, B, and C (Table 42.1).
42.2.1  FCL Injuries
Fibular collateral ligament (FCL) injuries are not 
common among footballers. In a study published 
by Majewski et al. [12], it was found that it only 
occurred in 1.1% of 17,397 sport injuries. The 
activities leading to most injuries were soccer 
(35%) and skiing (26%). Fibular collateral liga-
ment injuries were more associated with tennis 
and gymnastics rather than with football. In the 
Swedish ACL registry during the period 2005–
2015, there were 226 FCL operated on with other 
concomitant procedures, while only one FCL was 
reconstructed as an isolated surgical technique.
LCL injuries can be divided in minimal (grade 
1), partial (grade 2), and complete tears (grade 3). 
The clinical evaluation is based on varus stress 
tests where 0–5 mm represents a minimal tear, 
5–10 mm a partial tear, and >10 mm probably a 
total tear. Final diagnosis can be done with both 
plain radiographs (with varus stress) and MRI.
For minimal and partial tears, we recommend 
nonoperative treatment such as physiotherapy with 
different modalities. The recovery time is probably 
the same as a MCL injury with  return- to- sport 
within 4–6–10 weeks depending on the degree of 
injury.
On the other hand, a grade 3 tear is almost 
always in combination with cruciate ligament 
tears. Thus, it is mandatory to rule out other inju-
ries when a total FCL tear is diagnosed.
Table 42.1 Fanelli classification of PLC injuries












Injury to PFL and 
partial FCL
Complete injury to 
PFL, FCL, and 
cruciate ligaments
Fact Box 1
There are two critical issues to determine 
when facing PLC injuries:
• Are the injuries isolated or are concomi-
tant cruciate ligament injuries present?
• What is the degree of PLC injury?
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When facing a grade 3 FCL injury, surgical 
treatment is recommended [13]. In case of an 
avulsion fracture from the fibular head, fixation 
with bone sutures, bone anchor, or a less recom-
mended screw is usually enough. However, 
intrasubstance tears require reconstruction in 
most cases. The author’s preference is the use of 
an Achilles tendon allograft with the bone plug 
fixed in the fibular side with an interference 
screw. It is also advisable to perform the fibular 
tunnel under fluoroscopic control. There is a 
natural tendency to perform this tunnel exces-
sively superficial, which could lead to lateral 
cortex breakage.
42.2.2  Isolated PLC Injuries
Isolated PLC injuries make up less than 2% of 
all acute knee ligament injuries [14]. Following 
the Fanelli classification described above [11], 
grade C is automatically excluded from this 
scenario.
Conservative treatment for isolated PLC inju-
ries is reported to achieve successful outcomes 
only in cases of the not-so-common grade A 
lesions after 4 weeks of cast immobilization in 
knee extension or after early mobilization. 
Although Kannus [15] also reported acceptable 
functional results after nonoperative treatment 
for grade B injuries, persistent instability was 
observed, making this option suitable only in 
low-demand patients. In football players, there-
fore, only rare, isolated injuries of the popliteo-
fibular ligament might undergo conservative 
treatment.
In a series of 27 patients with isolated PLC 
injuries that were treated surgically, Jakobsen 
et al. [14] noted that the injury was due to a sports 
accident in 53% of cases. They noted that half of 
these patients were able to return to high-level 
sport, but they also observed that the KOOS sub-
scale for sport/recreation was one of the most 
affected items. Although it was not specified, the 
surgical technique performed and the fact that 
both the popliteus complex and FCL were torn 
preoperatively suggest that all the cases had at 
least a moderate PLC injury.
42.2.2.1  Postoperative Rehabilitation
The recommended treatment after surgery is sta-
bilization of the knee in an unlocked hinged knee 
brace, allowing a passive range of motion from 
0° to 90° for 2–4 weeks. For the first 4–6 weeks, 
protected weight-bearing of the limb is also rec-
ommended to minimize stress on the graft. A nor-
mal gait pattern is usually achieved 8 weeks after 
surgery, and the brace can then be discontinued. 
A progressive rehabilitation program with 
emphasis on regaining full motion of the knee 
includes quadriceps-strengthening and progres-
sive resistance exercises. Strength is regained by 
the use of close kinetic chain exercises as well as 
open kinetic chain knee extension exercises from 
0° to 60°. Balance and proprioceptive activities 
are initiated once the patient is fully weight- 
bearing in order to regain neuromuscular control 
of the knee. As strength improves, reaching up to 
70% of that of the non-injured knee, sport- 
specific drills may be started and gradually pro-
gressed. In cases of isolated PLC injuries, full 
activities and return to sport may begin 
4–6 months after surgery [16].
42.2.3  PLC Injuries Associated 
with Cruciate Ligament 
Injuries
Magnetic resonance has shown that 16% of all 
knee ligament injuries involve the PLC [17]. 
Most PLC injuries occur concomitantly with cru-
ciate ligaments tears and especially posterior cru-
ciate ligament (PCL) (from 43 to 80%) tears [18].
As expected, the rehabilitation protocol and 
the functional outcome will be influenced by 
these concomitant injuries.
42.2.3.1  Fanelli Grade A
When facing reconstruction of the ACL concom-
itantly with reconstruction of the popliteofibular 
ligament, a return to play football at the  pre- injury 
level can be reliably expected. Postoperatively, 
some surgeons advocate protection of the PFL 
reconstruction by means of a locked hinged knee 
brace for 1 month and protected weight-bearing 
for the first 10–12 weeks [19]. However, this 
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conservative rehabilitation protocol is not based 
on any scientific evidence, and a more aggressive 
rehabilitation protocol can be safely followed. It 
is the author’s opinion that postoperative care can 
follow the rehabilitation protocol of an isolated 
anterior cruciate ligament (ACL) reconstruction, 
particularly if the PFL was reconstructed using 
mini-open or arthroscopically assisted technique 
[8, 20]. In any case, sporting activities are not 
recommended for the first 6–10 months after 
surgery.
Successful return to play in football is less 
likely, however, if the posterior cruciate ligament 
is reconstructed concomitantly with a PFL. This 
situation, however, is rare. Surgical treatment of 
such injuries can provide sufficient function for 
standard daily activities but not for sports activi-
ties [10]. Again, neither functional nor sport- 
related outcomes have been reported in athletes 
in these specific injuries.
42.2.3.2  Fanelli Grade B
These injuries are far more commonly diagnosed. 
A level III case-control study compared isolated 
transtibial ACL reconstructions versus ACL and 
PLC reconstruction with a nonanatomic biceps 
tendon split [7]. The authors of the study observed 
worse results in the ACL and PLC reconstruction 
group regarding KOOS Sport subscale at 1 and 
2 years, but patients with combined injuries had 
much lower mean preoperative scores. 
Conversely, KOOS Sport subscale showed a ten-
dency to be comparable in both groups at the 
5-year follow-up assessment. This infers that 
although a much longer recovery might be 
expected due to greater morbidity and a lower 
preoperative score, functional improvements can 
still be expected even 2 years after surgery.
A recent systematic review reported the out-
comes of surgical treatment for acute PLC inju-
ries [21]. The authors included 8 studies with a 
total of 134 patients, most of whom had an evi-
dence level 4. They reported that reconstruction 
of the PLC was clearly superior to isolated repair 
of the PLC. Unfortunately, the activity level was 
rarely included in these studies. Two of included 
studies reported grossly that the postoperative 
Tegner score was between 3 and 7. They did not 
specify the pre-injury level of each individual or 
provide any data regarding return to play scales. 
Another recent review concluded that most of the 
available literature consists of low level 4 case 
series combining different mechanisms of injury 
and different patterns of multiligamentous injury 
into single cohorts [8]. Although none of these 
series focused on return to play, the few studies 
that reported on activity and sport scores suggest 
that a return to high-level sport is rarely 
possible.
42.2.3.3  Fanelli Grade C
These injuries are more properly considered knee 
dislocations, and they are far more severe than a 
simple PLC injuries entity. They are frequently a 
consequence of car accidents or high-energy 
trauma rather than sport accidents. Although they 
are further detailed in another chapter, return to 
play football after this devastating knee injury is 
seldom achieved. Overall functional results are 
highly dependent on the results of central pivot 
reconstruction [22], which rarely allows a suc-
cessful return to pivoting sports.
In the last 10 years, the authors have treated 
nine football players with PLC injuries. None 
of these has been an isolated PLC injury. In two 
patients, a Fanelli grade C with both cruciate 
ligaments concomitantly injured led to the end 
of their careers. Although both cruciates and a 
Laprade technique in the PLC were performed 
in both players, they could not even get close to 
their pre-injury activity level. The remaining 
seven patients had a Fanelli grade A or B con-
comitantly with an ACL tear. While the ACLs 
were reconstructed either with patellar or quad-
riceps tendons autografts, the PLC corner were 
reconstructed with a mini-open technique to 
address the PFL or the PFL and the FCL inju-
ries [23]. In all these cases, the patients were 
able to resume their sport activity after 
8–10 months. All but one of these seven patients 
could restore exactly the same pre-injury level 
of activity.
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42.2.4  Recommended Postoperative 
Rehabilitation
When concomitant reconstruction of the ACL is 
required, postoperative rehabilitation must con-
sider preventing anterior tibial translation, espe-
cially in open kinetic actions where coactivation 
is more difficult to achieve. Similarly, when fac-
ing associated PCL reconstruction, posterior tibial 
forces must be specifically restricted. In both 
cases and specifically during the first 12–16 weeks, 
the rehabilitation protocol should be addressed to 
protect the reconstructed cruciate ligament.
PLC prevents both varus and external rotation 
of the tibia. Rehabilitation must therefore con-
sider protecting these movements when program-
ming exercise in order to progress in basic and 
specific sport skills.
The rehabilitation program can be divided in 
two main periods:
42.2.4.1  0–12 Weeks
In the first 4 months, rehabilitation should follow 
the parameters determined by the concomitant 
ACL/PCL/ACL + PCL reconstruction. It should 
only add a hinged knee brace used 24/7 to pre-
vent excessive tibial rotation and varus forces, 
without any restriction in the ROM. However, 
some surgeons advocate maintaining the knee in 
full extension for the first 4 weeks. Restricted 
weight-bearing of 5–10 kg is recommended for 
the first 4–8 weeks, depending on the strength of 
the reconstruction. During this period, intensive 
physical therapy treatment is carried out with 
periods of restricted mobility varying according 
to concomitant injuries. Therapy should focus on 
improving ROM, muscle activation, strength, and 
balance, not on specific football skills.
42.2.4.2  After 12 Weeks
At this point, the player is usually allowed to start 
greater weight-bearing activities (between 12 and 
16 weeks). After 16 weeks, therapy to address 
recovery of basic skills is initiated.
The rehabilitation program should follow 
three steps:
 – Basic motor skills
 – Football-specific skills
 – Consideration of neuromuscular and biome-
chanical key points when designing and per-
forming a task
This return to play methodology progresses 
from basic to specific sport skills [24, 25].
Figure 42.1 shows the progression of basic 
skills from linear running action to complex 
actions of turning while pivoting on the operated 
knee (when a considerable knee varus moment is 
elicited) and changing direction with impulsion 
of the injured knee (when high external rotation 
is involved). Both tasks severely stress the knee 
and are carried out with the foot on the ground. 
This represents a closed kinetic action, with mul-
tiple combinations of rotational moments.
This Fig. 42.1 shows exercises performed with 
inertial and elastic resistances. Inertial training 
creates high resistances, and it has provided nota-
ble improvements in strength and power both in 
healthy [3, 26, 27] and injured sport players [28, 
29]. It also allows several high demanding strength 
and balance tasks. On the other hand, elastic resis-
tance work emphasizes more functional tasks, 
improving action speed and coordination.
Figure 42.2 shows the progression of both 
inertial and elastic exercises. Football-specific 
skills are now included, starting with ball control 
moves and progressing to dribbling moves while 
under attack. Perceptive and cognitive processes 
should also be included in order to reach maxi-
mum performance before return to play. After all 
the phases described are successfully performed, 
the footballer is allowed to train with the team on 
the field, gradually decreasing the limitations.
A footballer’s gradual and safe return to play is 
achieved at approximately 8 to 12 months postop-
eratively. However, a return to previous sporting 
level in these complex injuries is to some degree 
unpredictable and depends considerably on the 
degree of PLC injury and the associated lesions. In 
the most severe cases, when three or four of the 
major ligaments of the knee require surgery, return 
to play to the pre-injury level is highly unlikely.


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   






































































































































































































































































































































































































































































































































































































































   











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































• FCL and PLC injuries are not very common in 
football players.
• Most posterolateral corner injuries occur con-
comitantly with cruciate ligament tears.
• Although no evidence is available in the litera-
ture regarding return to play in football play-
ers after posterolateral corner injuries, surgical 
reconstructions of mild injuries should allow a 
successful restoration to the pre-injury sport 
level.
• Return to play after treatment of moderate to 
severe PLC injuries, however, is more unlikely.
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43.1  Introduction
Soccer involves frequent pivoting and cutting. It 
is a frequent cause of anterior cruciate ligament 
(ACL) and meniscal injuries. Studies have shown 
that 24–40% of soccer knee injuries are ligamen-
tous and 21–31% involve the menisci [1–5]. 
Chomiak et al. found that the meniscal tears rep-
resented 8% of all injuries sustained over a sea-
son in professional soccer [1]. Up to 75% of ACL 
injuries of soccer players are associated with a 
meniscal tear [6].
The menisci play an essential role in knee 
function, including shock absorption, load 
bearing, knee stability, as well as lubrication 
and nutrition of articular cartilage. The pres-
ence of an unstable meniscal tear can be dis-
abling and painful for the patient, with a risk 
that the tear progresses. However, removal of 
portions of the meniscus significantly alters the 
load-bearing and shock-absorbing capabilities 
of the knee. Management of meniscal tears 
thus involves a delicate balance, particularly in 
athletes.
In particular, professional players have dif-
ferent expectations compared to recreational 
players and the general population. A fast 
return to pre- injury level of play level is the 
main concern of players and teams. The goal of 
a fast recovery is not always associated with 
the best long-term outcomes. The treatment of 
each meniscal tear must be individualized 
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based on the pattern of the tear, the presence of 
associated injuries, the age and goals of the 
patient, and the level of competition. The sur-
geon must then have a lengthy discussion with 
the athlete about the implications of the vari-
ous treatment options before surgery. In this 
chapter, we will discuss the potential surgical 
treatments of meniscal injuries in the football 
players and their consequences for return to 
play.
43.2  Meniscal Repair
43.2.1  Indications
Meniscal repair has two potential advantages 
compared to partial meniscectomy: prevent the 
occurrence of osteoarthritis and increase the sta-
bility of the knee. The surgeon must consider the 
characteristics of the tear (size, tear pattern, acu-
ity, location) and more general factors (age, 
activity level, stability of the knee, alignment). 
The theoretical indications in soccer players 
remain the same as for other patients, and menis-
cal repairs should generally be performed for 
tears with a high healing potential. Repairs with a 
low chance of success must be avoided to 
decrease the risk of reoperation and prolonged 
recovery.
43.2.1.1  Stable or Stabilized Knee
Meniscal repair in athletes should be consid-
ered only in the stable knee. In athletes, isolated 
meniscal repair in an ACL-deficient knee has a 
high failure risk. No study, to our knowledge, 
specifically reports outcomes of meniscal repair 
in an unstable knee in athletes. However, sev-
eral studies have reported poor results that pre-
cluded sport participation in young patients 
who underwent meniscal repair in ACL-
deficient knees [7, 8]. In contrast, meniscal 
repair in conjunction with ACL reconstruction 
has good to excellent clinical results in more 
than 80% of patient in the short term, with a 
satisfactory return to play [9, 10]. The knee 
must thus be either stable or stabilized to con-
sider a meniscal repair [7, 11–13].
43.2.1.2  Medial Versus Lateral 
Meniscus
Lateral meniscal repair has generally had better 
clinical outcomes and knee function than medial 
meniscal repair. The healing rate is also higher 
for the lateral meniscus, with a lower rate of sec-
ondary meniscectomy [10].
43.2.1.3  Tear Type
The ideal tear for meniscal repair is an unstable, 
longitudinal tear in the peripheral region of the 
meniscus (Fig. 43.1). If the meniscal tissue qual-
ity allows, meniscal repair is recommended to sta-
bilize the unstable tear [14]. Longitudinal tears of 
more than 10 mm in length are easy to reduce and 
are well suited for the placement of vertical mat-
tress sutures. Radial tears that extend to the 
periphery disrupt the meniscus’ ability to contain 
hoop stresses and are biomechanically similar to a 
complete meniscectomy. Although technically 
difficult to reduce and repair, we believe the sur-
geon should attempt to repair these lesions in 
some cases, even in soccer players [15, 16]. If 
large radial tears are treated with meniscectomy 
or neglect, weight bearing will result in extrusion 
of the meniscus and result in markedly altered 
contact stresses and probable early osteoarthritis 
[17]. Complex meniscal tears, defined as a tear in 
two or more planes, are generally characterized as 
not repairable. They are treated with partial men-
iscectomy, because the failure risk is too high.
Fig. 43.1 A pattern of meniscal tear favorable for a 
meniscal repair: unstable, vertical longitudinal tear in the 
peripheral region of the medial meniscus
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Bucket-handle tears are large unstable longi-
tudinal tears (Fig. 43.2) and are commonly seen 
in ACL-deficient knees. Meniscectomy for these 
lesions involves removing a large amount of 
meniscal tissue and should be avoided, except in 
the presence of meniscal degenerative changes. 
Shelbourne and Carr treated 155 medial bucket- 
handle tears at the time of ACL reconstruction, 
with either repair or partial meniscectomy 
according to tissue quality. Using these criteria, 
only 9% of meniscal repairs failed [18]. For 
bucket-handle tears, if the meniscus does not 
show degenerative changes, meniscal repair 
should be attempted.
The acuity of the meniscal tear may have a 
role in predicting healing. Most authors have 
shown that acute tears (<12 weeks) have a better 
prognosis [19, 20].
43.2.1.4  Location of the Meniscal Tear
Location of the tear is another critical factor. Only 
the peripheral 10–25% of the meniscus is vascu-
larized in adults [21]. Therefore meniscal tears in 
the peripheral (red-red) zone have the best poten-
tial for healing. Several clinical studies have dem-
onstrated good long-term survivorship of meniscal 
repair in red-white zone and even in white-white 
zone of meniscus [18, 22]. However for profes-
sional players, the meniscal suture must be lim-
ited to peripheral (red-red) zone to decrease the 
failure risk. In very young players, one can con-
sider discussing a meniscal repair in more central 
regions of the meniscus with the understanding 
that the risk of failure and secondary meniscec-
tomy is increased with such repairs.
In the professional football player, the thera-
peutic choice can be difficult if the player needs 
very early to return to play and doesn’t accept a 
meniscal repair. These difficult situations must be 
discussed at length with the player and his coach, 
according to the player’s age and the period in 
football season. We will perform then a partial 
meniscectomy with expanded indications to 
favor the rapidity to return to play, in particular 
for a player at the end of his career. Nevertheless 
if the tear is large, in peripheral zone, and should 
require a large meniscectomy, we warn the player 
and his team that a meniscal repair must be and 
will be performed, particularly for a young 
player. A large meniscectomy would induce an 
early osteoarthritis but also a shorter soccer 
career.
43.2.2  Rehabilitation and Return 
to Sport
Significant variability exists in rehabilitation pro-
tocols after meniscal repair according to surgeon 
discretion. Nevertheless the rehabilitation princi-
ples are the same.
The rehabilitation time is long after a meniscal 
repair, even without surgical complications or 
repair failure. Early weight bearing is often 
allowed for most repairs, but squatting is prohib-
ited in many cases due to increased stress on the 
repaired posterior horn of the meniscus. Some 
surgeons recommend partial weight bearing for 
4 weeks [9]. Low-impact exercises can be per-
formed early but running is not allowed for the 
first 3 months. Once the athlete is running well, 
agility drills can begin followed by sport-specific 
skills. Return to sports is generally permitted in 
the absence of knee inflammation or effusion, 
lack of pain, and restoration of complete knee 
range of motion (0–135°) and adequate muscle 
strength [23, 24]. Usually the return to high-level 
football competition can take 6–8 months. Repair 
of tears that involve disruption of circumferential 
meniscal fibers (radial tears and root avulsions) 
requires protected weight bearing for 6 weeks to 
Fig. 43.2 A displaced bucket-handle tear of the medial 
meniscus of a right knee
43 Return to Play Following Meniscal Injuries
pieter.orthopedie@gmail.com
586
avoid hoop stresses and generally leads to slower 
return to sport than more traditional repair indi-
cation of longitudinal tears.
43.2.3  Complications and Surgical 
Revisions
The reoperation rate following meniscal repair is 
higher than that reported following partial menis-
cectomy (20.7 versus 3.9%) [25]. In a 2003 sym-
posium at the French Arthroscopic Society, 25% 
of patients who underwent meniscal repair were 
reported to require subsequent partial meniscec-
tomy. Repairs of the medial meniscus were more 
prone to failure and many occurred in the first 2 
years after the repair [10]. The risk of reoperation 
after medial meniscal repair has been reported as 
more than twice as high as that for the lateral 
meniscus [10, 26]. In athletes, studies have 
reported reoperation risk due to pain between 
21% and 29% after meniscal repair [23, 24, 26] 
and a subsequent meniscectomy risk between 
7.6% and 24% [23, 24, 26–29]. The risk of menis-
cal repair failure remains high and thus problem-
atic for soccer players who require a fast recovery 
without recurrence [30].
43.2.4  Outcomes
Alvarez-Diaz et al. [9] studied outcomes of 29 
soccer players who underwent meniscal repair 
with or without ACL reconstruction at a mean 
follow-up of 6 years. There were no significant 
differences in outcomes based on the presence of 
an associated ACL reconstruction. Two patients 
(6.7%) required secondary meniscectomy, delay-
ing return to sport. Twenty-six patients (89.6%) 
returned to the same level of competition after 
recovering from the surgery. Return to sports in 
the short term in competitive soccer players after 
meniscal repair is generally between 80% and 
90% across studies [9, 26, 31].
At long-term follow-up, meniscal repair has 
been associated with better clinical results and less 
radiologic evidence of degeneration than partial 
meniscectomy [25, 32, 33]. In the study of Alvarez-
Diaz et al., 13 patients (45%) were still playing 
football at any level and eight (28%) of them were 
still competing at their pre-injury level 6 years 
postoperative [9]. Stein et al. [33] reported on 81 
medial menisci (42 meniscal repairs and 39 partial 
meniscectomies) at a follow-up of 8.8 years. They 
noted progression osteoarthritis in only 19% of 
patients in the repair group but 60% of patients in 
the partial meniscectomy group. They described 
that 96% of patients in the repair group reached 
the pre-injury activity level, in contrast to only 
50% in the partial meniscectomy group.
43.3  Partial Meniscectomy
Partial meniscectomy is a fast and easy procedure 
(Fig. 43.3) that is frequently used to treat irrepa-
rable and degenerative menisci. Failure risk and 
reoperation rates following partial meniscectomy 
are low in the short term. The procedure allows 
fast recovery, with minimal limitations during 
rehabilitation. Nevertheless, several factors must 
be considered before performing a partial menis-
cectomy in a young athlete.
43.3.1  Indications
43.3.1.1  Medial or Lateral Meniscus
Excision of significant portions of the lateral 
meniscus typically results in poorer outcomes 
than excisions on the medial side and often results 
in a longer time to return to play [34, 35]. Chatain 
et al. found that athletes had a lower chance of 
returning to the same sports level after partial lat-
eral meniscectomy than after partial medial men-
iscectomy [36].
Fact Box
Despite the delayed recovery time and the 
risk of reoperation, meniscal repair should 
be the primary method of treatment of 
repairable meniscal tears and in young ath-
letes in order to maximize clinical results 
and minimize osteoarthritis in the long term.
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43.3.1.2  Stable or Stabilized Knee
In athletes, partial meniscectomy in an ACL- 
deficient knee is associated with a rapid decrease 
in function (frequently leading to discontinuation 
of high-level sport participation) and a high risk 
of osteoarthritis development and progression 
[37, 38]. In athletes, the knee must be stable or 
stabilized in the setting of meniscal loss in order 
to decrease these risks.
43.3.1.3  Type of Meniscal Tear
Currently, the primary indication for partial men-
iscectomy is a meniscal tear for which other 
treatment options (benign neglect or meniscal 
repair) have failed or have a low chance of suc-
cess [14], in particular when the healing potential 
is low. Tears that meet these criteria are the tears 
in the white-white region of the meniscus (rim 
width greater than 8 mm), degenerative meniscal 
tears, complex tear patterns (Fig. 43.4), some 
radial tears, and chronic displaced tears with 
deformation.
43.3.2  Rehabilitation and Return 
to Sport
Following partial meniscectomy, patients can be 
mobilized within the limits of pain rapidly after 
the surgery. They may return to low-impact exer-
cises within few days and can advance their 
activities as pain and effusion permit. Most ath-
letes are able to return to full competition between 
4 and 6 weeks following surgery with no or mini-
mal symptoms. Lateral meniscectomy tends to be 
associated with a delayed return to competition 
compared to medial meniscectomy, particularly 
in cases of a large resection [34].
43.3.3  Complications and Surgical 
Revisions
Two potentially related yet independent compli-
cations can occur after partial meniscectomy: 
rapid chondrolysis in the short term and the 
development of osteoarthritis in the long term. 
Rapid chondrolysis in the lateral compartment 
has been described in professional players after a 
partial lateral meniscectomy [39–41]. The 
 diagnosis is suspected following the development 
of persistent effusions, limited range of motion, 
and localized pain and tenderness at the lateral 
joint line within 3 months following partial lat-
eral meniscectomy. A flexed knee radiograph 
(schuss view) can show a decrease in the lateral 
joint space. This complication remains rare in 
spite of the relatively large number of partial lat-
eral meniscectomies performed in soccer players 
(22 cases reported in 16 professional athletes in 
the literature). It is mainly found in professional 
athletes and could be related to the rapid increase 
Fig. 43.3 Partial meniscectomy performed for a medial 
meniscal tear in the white-white region of a stable knee
Fig. 43.4 A complex tear of the medial meniscus with a 
high risk of failure of meniscal repair
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in load on the articular cartilage with a quick 
return to high-intensity training. After the diag-
nosis, conservative treatment is initiated to 
include 4 weeks of non-weight bearing, an intra-
articular corticosteroid injection, and a low-
impact isokinetic rehabilitation program. If the 
symptoms continue to progress despite these 
treatments, some authors have recommended an 
arthroscopic lavage [41]. Mariani et al. hypothe-
sized that partial lateral meniscectomy may have 
a role in exacerbating subtle rotatory instability 
that combined with high stress of sports activity 
can dramatically increase the susceptibility of 
joint to chondrolysis. Open surgery correcting 
the insufficiency of posterolateral corner has 
been found to be effective in improving knee 
function and reducing patients’ symptoms at a 
short-term follow- up [40].
After partial meniscectomy, the reported reop-
eration rate is variable but generally quite low. 
Nawabi et al. [34] reported 7% risk of repeat 
arthroscopy after lateral meniscectomy at a 
median of 10 weeks but no reoperation after 
medial meniscectomy in 90 soccer players.
43.3.4  Outcomes
The prognosis of an isolated partial meniscec-
tomy is good in the short term, with a fast recov-
ery without specific rehabilitation, but do vary by 
location. Partial lateral meniscectomies have lon-
ger recovery periods and poorer difficult out-
comes than partial medial meniscectomies. 
Servien et al. [35] found that after a lateral men-
iscectomy, 6 months are necessary to return to 
preoperative activity level. In a series of 104 lat-
eral meniscal lesions treated with partial menis-
cectomy, only 30% were able to resume light 
physical activity on the IKDC scale at 1 month. 
In another study of 90 soccer players [34], 69% 
of players who underwent partial lateral menis-
cectomy had adverse events during the early 
recovery phase (persistent effusions, lateral joint 
line pain) compared to 8% of players who under-
went medial meniscectomy. Nawabi et al. [34] 
found the median time to return to play after a 
partial lateral meniscectomy to be longer than 
after a partial medial meniscectomy (7 versus 
5 weeks) in a series of 42 partial lateral menis-
cectomies and 48 partial medial meniscectomies. 
They noted the cumulative probability of return-
ing to play was six times greater for players with 
a partial medial versus partial lateral meniscec-
tomy. Aune et al. reported that non-speed posi-
tion players were four times more likely to return 
to play than those in speed positions after lateral 
meniscectomy [42].
In the long term, the risk of osteoarthritis after 
partial meniscectomy is higher than the following 
repair. Removal of 50% of the meniscus has been 
demonstrated to double contact pressures on the 
articular cartilage [43]. These alterations in load-
ing patterns may predispose to early osteoarthritis 
[6, 44–48]. Neyret et al. [6] described the out-
comes of 72 soccer players among 167 patients 
who underwent partial meniscectomy, including 
42 with and 30 without ACL deficiency at a mean 
follow-up of 26 years. The functional level 5 years 
after meniscectomy was excellent for 92% in the 
ACL-intact group and 51% of patients in the ACL-
deficient group. At the last follow-up, these num-
bers were 68% in the ACL- intact groups and 31% 
in the ACL-deficient group. Five years postopera-
tively, 31% of patients with ACL deficiency gave 
up sports altogether, compared to only 5% of 
patients with an intact ACL. The incidence of 
osteoarthritis for patients with ACL deficiency was 
about 65% at 27 years, and 86% 30 years after 
meniscectomy, compared to 34% and 50% for 
patients with an intact ACL. Other authors have 
described similar results [47, 49]. Clearly, menis-
cectomy has negative effects on the knee joint in 
the long term that are magnified in athletes—par-
ticularly in the setting of ACL deficiency [50].
Fact Box
Partial meniscectomy is a fast and easy 
procedure, allowing an early return to sport 
without symptoms in many cases. 
Outcomes are more variable following par-
tial lateral meniscectomy, with early func-
tional decline possible. There is a relatively 
high risk of symptomatic osteoarthritis at 
long-term follow-up, particularly in the set-
ting of an ACL-deficient knee.
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43.4  Benign Neglect
Some meniscal tears can spontaneously heal 
[48]. The meniscal tears with the greatest poten-
tial for healing with nonoperative treatment are 
short (<1 cm), longitudinal, stable, asymptom-
atic, and in the lateral meniscus. These indica-
tions must be respected to avoid progression of 
the meniscal tear. In professional soccer players, 
the risk of tear progression is high. These injuries 
can become symptomatic and could eventually 
require a partial meniscectomy. This option is 
thus rarely used in high-level athletes, due to the 
risk of failure and reoperation. To our knowledge, 
there are no recommendations available for 
return to sport after meniscal tears left in situ. 
Usually, rehabilitation proceeds in a similar fash-
ion as to a meniscal repair. Full weight bearing is 
allowed immediately, and low-impact exercises 
are performed early. Squatting and running are 
prohibited during the first 3 months. Return to 
sports is adapted to symptoms, and the return to 
the competition is often possible at 6 months.
43.5  Meniscal Replacement
Meniscal allograft transplantation or synthetic 
meniscal scaffolds can be surgically implanted 
into a meniscus-deficient knee and can be a via-
ble solution to relieve pains and improve func-
tion. Its indication is mainly for a symptomatic 
knee after total or subtotal meniscectomy.
Few studies report the results of this technique 
in high-demand populations and only at midterm. 
Marcacci et al. [51] described the outcomes of 12 
professional soccer players treated with meniscal 
allograft transplantation. At 12-month follow-up, 
all scores improved significantly from baseline, 
and 67% of the patients returned to playing soc-
cer at the same activity level as before injury. At 
36-month follow-up, 75% of the patients played 
as professionals and 17% as semiprofessionals. 
The mean duration of rehabilitation was 
7 months, and the mean time to return to official 
competition was 10 months, without difference 
between lateral or medial meniscus. Other stud-
ies found similar results in competitive soccer 
players [52] and other active populations [53].
The rehabilitation protocol is usually organized 
as follows after meniscal transplant [54–56]:
 – During the two first weeks, no weight bearing 
and immobilization.
 – Between 2 and 6 weeks, toe-touch weight bear-
ing, restriction of range of motion (0–90° for 
4 weeks and then free range of motion), isomet-
ric exercises, and closed-chain strengthening.
 – At 6 weeks postoperatively, full weight bear-
ing and full flexion.
 – At 3 months, sport-specific exercises can start 
and, at 4 months, return to noncontact activi-
ties. Before 6 months, running is not advised.
 – After 8–9 months, return to soccer.
These operations are considered “salvage” 
procedures and still have a 10–29% failure risk 
[57–60].
43.6  Rehabilitation and Return 
to Sport
43.6.1  Rehabilitation
The postoperative physical therapy program has 
several goals: (1) minimize the postoperative 
effusion, (2) achieve full range of motion, (3) 
prevent muscular atrophy, (4) normalize gait, (5) 
maintain proprioception, and (6) maintain car-
diovascular fitness.
The early phase range of motion that is 
allowed depends on the treatment rendered 
(repair versus partial meniscectomy). Quadriceps 
and hamstring exercises help maintain muscle 
strength and protect the knee joint. During reha-
bilitation and return to play, if the athlete com-
plains of swelling or pain recurrence, the 
rehabilitation must be slowed or backed off until 
the symptoms have resolved.
There is no evidence-based research surround-
ing return-to-play criteria following meniscal 
injury and treatment. We recommend criteria for 
return to sport to include a painless knee, full 
range of motion, no effusion, and restoration of 
strength and sport-specific function as well as 
confidence in the knee sufficient to play 
effectively.




Given the traumatic nature of meniscal tears in 
many athletes, complete prevention of these inju-
ries is impossible. However, one of the major 
risks factors for sustaining a meniscal tear is hav-
ing an ACL-deficient knee. Stabilizing these 
knees by an ACL reconstruction will decrease the 
risk of further meniscal injuries—particularly 
medially. Neuromuscular deficits may also con-
tribute to meniscal injuries. The FIFA 11+ pro-
gram was originally designed to decrease the risk 
of ACL injuries in football players. This program 
may also reduce the risk of meniscal tears. 
Medical personnel should encourage this pro-
gram for athletes at all levels.
Some players can develop degenerative tears 
of the medial meniscus by an overstressing of the 
medial compartment of the knee with a varus 
alignment or due to frequent movements with the 
ball between the legs, typical for football players. 
An open-wedge high tibial osteotomy can be dis-
cussed on a varus knee with medial meniscal 
tears, to avoid the stage of degenerative 
meniscus.
Take-Home Message
• The choice of meniscal tear management must 
be tailored to the tear type and to the individ-
ual athlete’s situation.
• Preserving as much of the meniscus as possi-
ble is crucial, especially in young patient.
• The rehabilitation time is long after a meniscal 
repair, with a return to sport typically between 
4 and 6 months following surgery. Repair is 
also associated with increased risk of tear 
recurrence and a reoperation. However, the 
meniscal repair may facilitate preservation of 
high-level sport participation in the long term 
as well as reduce osteoarthritis risk.
• Partial meniscectomy allows an early return to 
high-level sport (between 4 and 6 weeks). 
Nevertheless some complications can occur, 
particularly with partial lateral partial menis-
cectomy. Long-term clinical outcomes are less 
satisfying than those following repair.
• The surgeon must have a lengthy discussion 
with the athlete about the implications of the 
various treatment options before surgery and 
come to an informed decision regarding how 
to proceed.
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44.1  Introduction
Football (soccer) is the most played sport world-
wide, practiced by more than 300 million people 
[1]. It is a high-impact contact sport, and with the 
increasing competitive level, it often results in 
sports-related damage of the knee structures, 
including articular cartilage injuries [2–4]. These 
articular cartilage injuries can also be caused by 
forceful and repetitive mechanical stresses on the 
R. Andrade 
Clínica do Dragão, Espregueira-Mendes Sports 
Centre – FIFA Medical Centre of Excellence,  
Porto, Portugal 
Dom Henrique Research Centre, Porto, Portugal 
Faculty of Sports, University of Porto, Porto, Portugal 
R. Pereira 
Clínica do Dragão, Espregueira-Mendes Sports 
Centre – FIFA Medical Centre of Excellence,  
Porto, Portugal 
Dom Henrique Research Centre, Porto, Portugal 
Faculty of Sports, University of Porto, Porto, Portugal 
Faculty of Health Science, University Fernando 
Pessoa, Porto, Portugal  
44
R. Bastos 
Clínica do Dragão, Espregueira-Mendes Sports 
Centre – FIFA Medical Centre of Excellence,  
Porto, Portugal 
Dom Henrique Research Centre, Porto, Portugal
Universidade Federal Fluminense,  
Nirteói, Rio de Janeiro, Brazil 
H. Pereira 
Dom Henrique Research Centre, Porto, Portugal 
3B’s Research Group – Biomaterials, Biodegradables 
and Biomimetics, University of Minho, Headquarters 
of the European Institute of Excellence on Tissue 
Engineering and Regenerative Medicine, AvePark, 
Parque de Ciência e Tecnologia, Zona Industrial da 
Gandra, 4805-017 Barco, Guimarães, Portugal 
pieter.orthopedie@gmail.com
594
knee joint during the football practice [5–8]. 
When the cartilage damage reaches the subchon-
dral bone, it often results in knee complaints [9], 
including pain, swelling, catching, and locking 
[3, 10, 11]. Nonetheless, articular cartilage inju-
ries may be present in asymptomatic athletes 
which, if not treated properly, may lead to an 
early onset of knee osteoarthritis [12–14]. 
Moreover, it may lead to activity-related symp-
toms and lifestyle modifications and, eventually, 
the football player may never recover his previ-
ous level of performance which can result into an 
early career ending [15–17].
Football involves high financial impact and 
heavy social media coverage, comprising high 
pressure from the football club stakeholders, result-
ing in an increased onus of the healthcare profes-
sionals that are involved in the player’s recovery. 
Thus, it is crucial to perform the injury clinical rea-
soning with great scrutiny, taking into account 
important factors including age, level of comple-
tion, timing within the season, and career status [2].
Intact knee articular cartilage has optimal 
load-bearing features which constantly adjust to 
the imposed loading stresses [18]. However, 
high-impact loads may overcome the articular 
cartilage capabilities and, consequently, decrease 
the cartilage proteoglycan levels and increase 
degradative enzyme levels, which eventually may 
result in chondrocyte apoptosis [19, 20]. This 
process will result in loss of articular cartilage 
volume and stiffness, higher contact pressures 
and, ultimately, in the development of cartilage 
defects [18]. Moreover, due to its isolation from 
vessels and nerve supply, the articular cartilage 
shows limited capacity to potentially heal [17, 
21–23]. Hence, the functional long-term restora-
tion of the articular surface is still a tough chal-
lenge within the orthopedic community.
44.1.1  Epidemiology
Prevalence of articular cartilage injuries in athletic 
populations has been reported to be higher than 
that found in the general population [2, 3, 24, 25]. 
Flanigan et al. [3] systematized the occurrence of 
articular cartilage injuries in a cohort of 931 ath-
letes (989 knees), involving 732 men and 199 
women, with a mean age of 33 years old. Overall, 
40% were professional athletes, but none com-
prised football players. The sample comprised a 
total of 883 full-thickness chondral defects from 
355 athletes (with 335 of them with more than one 
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chondral defect), representing an overall preva-
lence of 0.89 articular cartilage lesions per each 
knee assessed. The articular cartilage injuries were 
distributed by the femoral condyles (35%), the 
patellofemoral joint (37%), and the tibial plateaus 
(25%). From the total cohort of athletes, 132 
(14%) were asymptomatic with a calculated 
pooled prevalence of knee full- thickness chondral 
defects of 59% (ranging from 18% up to 63%).
Concerning specifically football, a systematic 
review [2] reported 217 articular cartilage injuries 
in a total cohort of 183 football players (158 male 
and 25 female), with a mean age of 26 years old. 
Eighty-two percent of the players played profes-
sional football. The overall prevalence was 1.19 
articular cartilage lesions per each knee assessed. 
Opposing to the overall athletic population 
reported above, the football players had the major-
ity of the chondral lesions at the femoral condyles 
(medial femoral condyle, 51%; and lateral femo-
ral condyle, 27%), followed by patellofemoral 
joint (18%) and the tibial plateaus (4%). The 
defect size varied across the included cohort (from 
0.6 up to 7.0 cm2). A smaller defect size (<2.0 cm2) 
has shown to provide higher rate of return to high-
impact competition [26, 27].
The UEFA Elite Club Injury Study reports the 
exposure and incidence of injuries in 29 elite 
European football clubs [28]. In the football sea-
son of 2015/2016, the clubs reported on average 
20 training sessions and 5.4 matches per each 
month. When considering the type of injury, it 
was reported a total of 43 cartilage/meniscus 
injuries, accounting for 3.7% of all injuries. 
These injuries, beyond the layoff time from train-
ing and match competition, may lead to a high 
injury burden which influences negatively the 
team’s performance [29]. Moreover, Drawer and 
Fuller [30] reported that 32% of retired English 
professional football players had osteoarthrosis 
diagnosis when they retired.
44.1.2  Treatment
The treatment of articular cartilage injuries is com-
plex and multifactorial [31]. In an athletic popula-
tion, the treatment goal is to provide the player a 
long-standing cartilage restoration which can bear 
the high-impact mechanical stresses that are often 
imposed to the player’s knee joint [2]. This may be 
accomplished by providing to the damaged defect 
hyaline-like cartilage or fibrocartilage, with full 
integration into the adjacent cartilage and underly-
ing bone. Hence, it is possible to reestablish the 
physiological properties of all the osteochondral 
unit and obtain a normal knee function [6, 32]. In 
this sense, chondrofacilitation (facilitate intrinsic 
repair of damaged articular cartilage) and chon-
drorestoration (prevent loss of existing cartilage) 
and resurfacing (chondral surface replacement) 
techniques have been developed [33].
Nonoperative treatment of knee articular carti-
lage lesions in football players may only be con-
sidered when there is a small and superficial focal 
lesion in early stages (Outerbridge levels I and II). 
Football players that present with high-grade 
articular cartilage injuries (Outerbridge levels III 
and IV) and need to proceed playing throughout 
the rest of the season can also be managed through 
symptomatic nonoperative treatment. However, 
success is less likely and operative interventions 
may be required. Nonoperative options include 
chondroprotective pharmacotherapy (glucos-
amines, chondroitin, diacerein, hyaluronic acid, 
platelet-rich plasma, and gene therapy), nonste-
roidal anti-inflammatory medication and trama-
dol, physiotherapy, and hydrotherapy [16, 34, 35]. 
The nutritional supplements and viscosupplemen-
tation can be a valuable clinical  recommendation 
when envisioning managing the symptoms and 
ultimately can help prevent further damage of the 
cartilage [35, 36]. Nevertheless, there is still a 
lack of evidence for these therapies in focal artic-
ular cartilage lesions of the professional football 
player. Intra-articular injection therapy (hyal-
uronic acid and platelet-rich plasma) for knee 
articular cartilage lesions in professional athletes 
still requires more research as only preliminary 
results have been reported [37]. A recent study 
has also investigated the effect of both intra-artic-
ular injection therapies in end career professional 
football players, reporting significant clinical 
improvement for both therapies [38].
Nowadays, several surgical techniques are 
available to approach articular cartilage injuries in 
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the football player. The most commonly used sur-
gical techniques for the treatment of these lesions 
include microfracture, mosaicplasty or osteochon-
dral autograft transplantation (OAT), autologous 
chondrocyte implantation (ACI), and matrix-
induced autologous chondrocyte implantation 
(MACI) [2, 23, 39, 40]. More recently, new bio-
logical cartilage repair techniques have emerged as 
potential solutions to restore the articular cartilage 
defects. Nevertheless, clinical outcomes in football 
players are not available yet. Some of these emerg-
ing techniques include autologous matrix-induced 
chondrogenesis (AMIC™ Geistlich Pharma AG) 
[41, 42], concentrated bone marrow aspirate and 
mesenchymal stem cell-induced chondrogenesis 
(MCIC™) [43–45], autologous collagen-induced 
chondrogenesis (ACIC™) [46, 47], minced carti-
lage repair (DeNovo NT, ISTO Technologies, St. 
Louis, MO, United States; and CAIS, DePuy/
Mitek, Raynham, MA, United States) [48–50], 
osteochondral biomimetic scaffolds (MaioRegen®, 
Fin-Ceramica Faenza S.p.A., Faenza, Italy) [51–
54], and implantable liquid scaffolds (BTS-
CarGel®, Smith & Nephew, Andover, MA, United 
States) [55–58].
Timing of the surgery is important once athletes 
which performed the surgery within 1 year from 
the injury are three- to fivefold more likely to return 
to sports [27, 59–61]. Additionally, performing the 
surgery as soon as possible will decrease the risk of 
further cartilage injury and development of knee 
osteoarthritis [4, 8, 17, 61–64].
The microfracture technique is frequently 
used as first-line treatment and involves the 
micro-perforation of the subchondral bone (after 
the defect is properly debrided) aiming to release 
mesenchymal stem cells, forming a stable clot 
which fills the chondral defect [65–67]. Good 
short-term outcomes have been reported with this 
technique [68, 69], however, with deterioration 
of the clinical outcomes at long term, requiring in 
some cases further surgery [70, 71]. The final tis-
sue obtained is fibrocartilage—and not hyaline 
cartilage (as the native tissue)—which yields 
mechanical properties that are not prepared to 
handle the long-term loading demands due to its 
softness and decreased capability to withstand 
the joint shear stress [72–74]. In this sense, 
enhanced microfracture techniques have been 
developed with good reported short-term out-
comes [73, 75, 76].
The OAT technique is used to transfer autolo-
gous hyaline articular cartilage to the defect, pro-
viding a stable size-matched osteochondral 
autograft. For small defects, the single plug trans-
fer may be used to fill the defect. However, for 
larger defects, the mosaicplasty is the most ade-
quate technique as it transfers multiple cylinders 
(osteochondral plugs) to the defect [65, 66]. 
Nevertheless, the restricted graft availability and 
donor site-related morbidity are concerns to be 
taken into account [77]. To mitigate these disad-
vantages, the upper tibiofemoral joint has been 
proposed as a potential donor site, which pro-
vides the possibility to transfer up to 5 cm2 of 
osteochondral graft, without additional iatro-
genic complications [78]. Transplantation of 
osteochondral allograft is a viable option to man-
age larger osteochondral injuries, including those 
that involve an entire compartment [65, 66, 79].
The ACI approach is a two-stage procedure 
which involves implanting autologous chondro-
cyte cells to the articular cartilage defect aiming 
to regenerate hyaline-like cartilage [65, 66, 80, 
81]. Nevertheless, a hyaline-like cartilage is not 
consistently achieved in all patients, as some 
patients still develop fibrocartilage [82, 83]. This 
procedure has the advantages of providing lon-
gevity of the healed cartilage tissue and good 
long-term clinical and functional outcomes [61, 
84]. In turn, the MACI technique is an attractive 
alternative which involves culturing the chondro-
cytes cells into a biodegradable scaffold which is 
after implanted into the defect [65, 66]. The 
MACI sandwich technique involves the implan-
tation of a two-membrane custom-made (bottom 
membrane facing up and top membrane facing 
down) with the advantage of reducing the opera-
tion time and exposure, while avoiding periosteal 
harvesting [85]. The reported short- to midterm 
outcomes show promising results of this tech-
nique in articular cartilage injuries of the knee 
joint [86–88].
Evidence-based treatment of articular carti-
lage injuries is mainly based on the defect’s size 
and involvement of the entire osteochondral unit 
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[89]. In this sense, several clinical treatment 
algorithms have been developed [23, 33, 89–93]. 
However, when dealing with high-level athletes, 
important factors such as timing within the sea-
son and player’s career status must be taken into 
account and discussed with the patient. Hence, 
Beckers et al. [39] proposed a clinical treatment 
algorithm for articular cartilage injuries, adapted 
professional football players (Fig. 44.1).
44.1.2.1  Treatment of Associated 
Lesions
Articular cartilage injuries of the knee are often 
associated to other knee injuries including liga-
ment deficiency, meniscus damage, and lower 
limb malalignments. These associated lesions 
must be treated concomitantly [5, 16, 90, 95–100] 
as it has been reported to improve the overall car-
tilage repair and avoids the need for further surgi-
cal interventions without negatively influencing 
the return to sports [8, 61, 64, 101].
Knee articular cartilage associated injuries 
are frequently seen in athletes. In this sense, 
Flanigan et al. [3] identified a total of 850 con-
comitant injuries in 931 athletes (883 defects) 
including meniscal tears (n = 441), anterior cru-
ciate ligament ruptures (n = 282), and medial or 
lateral collateral ligament tears (n = 127). In 
addition, Andrade et al. [2] reported 101 con-
comitant knee surgeries in 168 football players 
with articular cartilage injuries of the knee. 
Most common procedures comprised anterior 
cruciate ligament reconstruction (n = 54), men-
iscectomy (n = 19) and meniscal repair (n = 4), 
high tibial osteotomy (n = 9), and tibial tubercle 
osteotomy (n = 5).
44.1.3  Postoperative Rehabilitation 
and Return to Play Criteria
The postoperative rehabilitation is of upmost 
importance to return the player as fast and as 
safe as possible to sports competition within the 
preinjury level and prevent reinjury and long-
term sequelae [31, 39]. In this sense, the reha-
bilitation focuses in providing the mechanical 
environment to promote the adaptation and 
remodeling of the repair tissue [18]. The reha-
bilitation progression should respect the biology 
related to the repair technique, characteristics of 
the defect, symptomatology, and level of compe-
tition. Thus, the rehabilitation should be a step-
wise and individualized program according to 
the repair technique, according to the athlete’s 
specific demands, following criteria-based pro-
gression through the different phases (Fig. 44.2). 
Additionally, the rehabilitation process is also 
important for the athletes to acquire self-confi-
dence and sport- specific self-efficacy, which will 
play a crucial role in the return to competition 
within the preinjury level [18].
Knee focal articular cartilage injury
During season
Surgical debridment Begin of career End of career
Size <1cm2
MX (chondral)
Single plug OAT (osteochondral)
MX (chondral)
Single plug OAT (osteochondral)
MX / OAT(chondral)




MACI (Sandwich?) MACI (Sandwich?)
Size 1-2cm2 Size >2cm2 Size <1cm2 Size 1-2cm2 Size > 2cm2
Out of season
Fig. 44.1 Clinical treatment algorithm for articular cartilage injuries of professional football players, adapted from 
Beckers et al. [94]
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When concomitant surgical procedures were 
performed (such as meniscal repair or anterior 
cruciate ligament reconstruction), special atten-
tion should be taken, and a slower rehabilitation 
progression may be required [102, 103]. 
Moreover, the location of the defect may influ-
ence the rehabilitation program since trochlear 
defects may require adjustments [104].
The rehabilitation process of knee articular 
cartilage repair of the athlete is based on three 
criteria-based progressive biologic-rehabilitation 
phases (Table 44.1). It is essential for the physio-
therapist to monitor the athlete symptomatology 
(pain and swelling) during the rehabilitation once 
it may be indicative of overload of the healing 
cartilage tissue [18].
In phase 1 (graft stimulation and integration at 
the defect) allows the athlete to adapt to the postop-
erative effects, while protecting the repair tissue 
[31]. In this sense, the envisioned goals are the pro-
gressive reestablishment of range of movement and 
weight bearing and address muscle impairment and 
neuromuscular control while controlling knee pain 
and swelling [18, 104–109]. Within this phase, the 
procedures may differ between reparative (ACI/
MACI/microfracture) and restorative (OAT/mosa-
icplasty) techniques [18, 31]. In the reparative 
approach, the physiotherapist must be aware to 
avoid the mechanical overload of the repaired tissue 
which may hamper the tissue integration into the 
defect bed and surrounding noninjured articular 
cartilage tissue [110, 111]. Accelerated weight-
bearing rehabilitation protocols have been pro-
posed, with full weight-bearing at 6–8 weeks [112, 
113]. However, caution should be taken concerning 
the graft protection in the early initial phase once it 
is vulnerable [106]. Further high-quality research is 
needed to evaluate the benefits of accelerated 
weight-bearing rehabilitation after microfracture 
surgery [114]. During the restorative approach in 
Full ROM without pain or effusion
Stepwise criteria-based rehabilitation
Strength and cardiovascular reconditioning















Completion of the sport-specific exercises
Full recovery of agility / motor control
Self-efficacy and no kinesiophoby












Fig. 44.2 Progressive stepwise criteria-based diagram, 
from injury to return to play (P1 primary prevention, T0 
injury occurrence, T1 articular cartilage repair/restora-
tion, T2 beginning of postoperative rehabilitation, T3 
beginning of physical reconditioning, T4 criteria to return 
to training, T5 criteria to return to competition, P2 second-
ary prevention)





Phase 1 Graft integration and 
stimulation 
(proliferation)
Joint protection and 
activation
Phase 2 Extracellular matrix 
production and cartilage 
organization (transition)
Progressive loading 
and functional joint 
restoration
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the first phase, bone-to-bone healing is expected, 
and thus, there is less limitation in the weight-bear-
ing progression [18]. Within this line, correct man-
agement of rehabilitation loads is crucial because 
too much load may be detrimental as it may lead to 
reduction of chondrocyte metabolic rate, but if the 
correct load stimulation is provided, it will favor the 
new cartilage formation and nutrition and, at the 
same time, bone-to-bone healing [115–118]. 
Performing rehabilitation in the swimming pool in 
early stages (from the second week) allows to take 
advantage of the therapeutic effect provided by 
physics of aquatic environment (e.g., temperature, 
hydrostatic pressure, fluctuation) creating low-
impact conditions, allowing partial weight-bearing 
and management of the axial load, enabling to per-
form sport-specific movement patterns safely with-
out compromising the repair tissue. It is possible to 
gradually progress the compressive knee loading by 
means of taking the advantage of the features of the 
antigravity treadmill (from 20% up to 80% of body 
weight reduction), providing the most suitable 
mechanical stimulus for safe tissue repair enhance-
ment (Fig. 44.3). In order to progress into the sec-
ond phase, the athlete must achieve full passive 
knee range of motion, present minimal pain and 
effusion, and regain muscle activation and normal 
gait [18, 105].
Fig. 44.3 Football 
player running at the 
antigravity treadmill 
(Alter-G®)
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In phase 2 (extracellular matrix production and 
cartilage organization), the main rehabilitation 
goal is to manage joint load and neuromuscular 
control in order to provide the athlete a pain-free 
normal running, without effusion or locking, and 
reestablishment of sport-specific movement pat-
terns [18, 105]. Hence, the athlete performs pro-
gressive controlled mechanical stresses 
(compressive and shear stress) to the joint in order 
to stimulate the cellular metabolism of the repair 
joint [18, 119]. Progression to the subsequent 
phase is allowed when the athlete is able to run at 
8 km/h for more than 15 minutes (without pain or 
joint effusion), one-legged hop tests and iso-
kinetic performance with side-to-side difference 
below 20%, and patient-reported outcomes mea-
sures with the limb asymmetry index greater than 
90% [18, 105]. Moreover, if possible, the athlete 
should perform a cartilage-sensitive magnetic 
resonance imaging exam to evaluate the integrity 
of the repaired tissue (Fig. 44.4) [18].
The phase 3 (repaired cartilage maturation and 
adaptation) comprises the on-field rehabilitation 
which is of paramount importance before the 
player return to competition. In this phase, the main 
goal is to restore any physical and psychological 
impairment related to muscle power and coordina-
tion, neuromuscular control, speed and endurance 
performance, metabolic capacity, self- efficacy, and 
sport-specific movement patterns, aiming to rees-
tablish the preinjury level of sports performance, 
with minimal risk of reinjury [18, 120]. The joint 
stress demands (without overloading) are gradually 
increased, progressing to high-speed pivoting and 
cutting activities, plyometrics, acceleration and 
deceleration drills, and sport-specific skills repli-
cating the complex interactions of sports [18, 94, 
120]. In addition, training in sand may be more 
a b
c d
Fig. 44.4 MRI scanning of a football player knee 
2 months after microfracture procedure. (a) Double-echo 
steady-state MRI sequence showing appearance of fibro-
cartilage following the microfracture procedure; (b) fast 
spin-echo diffusion-prepared fat saturation MRI sequence 
showing increased signal revealing discontinuity on the 
fibrocartilage of the repaired tissue; (c) T2 mapping MRI 
sequence confirming the fibrocartilage discontinuity; (d) 
closeup T2 mapping image
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physically demanding (i.e., greater energy expen-
diture and metabolic power) being associated with 
greater deceleration values and smaller joint com-
pressive stress [121–126]. Moreover, the use of 
novel global positioning systems (GPS) may be 
employed to enable further individualization of 
training load monitoring and optimal periodization 
and, ultimately, develop rehabilitation and return-
to-running protocols specific to the player position, 
optimizing a safe return to play decision making 
[127–131]. Monitoring the training loads through 
the acute-chronic workload ratio (acute, current 
week; chronic, preceding four training weeks) for 
optimal loading may be a useful tool to plan and 
manage the load progression in this last phase 
before the return to competition [132].
Return to play at preinjury level as fast as pos-
sible represents the most important outcome for 
the injured football player [12]. Nevertheless, 
returning to high-impact activities (such as foot-
ball) is often delayed to decrease the risk of over-
loading and consequently damage the repaired 
tissue [31, 133, 134]. Moreover, when the ACI or 
MACI technique was employed, further caution 
regarding the graft maturation should be taken 
[135]. Hence, the criteria to allow the player to 
return to unrestricted training is the following: 
completion of the sport-specific exercises and 
one-on-one opposed practice of sport-specific 
skills, without pain or joint effusion; one-legged 
hop tests (Fig. 44.5) and isokinetic performance 
with side-to-side difference below 10%; patient- 
reported outcome measures greater than 90%; 
and no kinesiophobia or fear of reinjury (Tampa 
Scale of Kinesiophobia) [18, 105].
The best strategy for secondary prevention to 
avoid further cartilage damage may be to maintain 
the knee as stable as possible and correct any lower 
limb malalignments. Nonetheless, secondary pre-
vention exercise-based programs should be 
employed as soon as the player returns to training 
and throughout his career to avoid further knee dam-
age (ligaments, meniscus, or cartilage defects) and 
the development/progression of knee osteoarthritis.
44.2  Outcome Scores and Return 
to Play Considerations
The accurate identification, extent, location and 
classification of an articular cartilage injury is of 
upmost importance to correctly address the 
defect. In this sense, the International Cartilage 
Repair Society (ICRS) cartilage injury evaluation 
package is the most commonly classification sys-
tem used to characterize macroscopically the 
articular cartilage defect [137]. Regarding the 
outcome scores, there is substantial variability in 
outcome reporting after knee articular cartilage 
Fact Box 1
• Antigravity treadmill provides an early 
and safe mechanical stimulus to the 
joint.
• Sand training (later phases) provides a 
more physically demanding training 
without compromising the graft biologi-
cal healing.
• GPS allows the individualization of the 
training load monitoring and optimal 
training periodization.
Fact Box 2
Allowance for unrestricted training and 
competition should follow specific evidence- 
based criteria:
• Completion of the sport-specific exer-
cises and one-on-one opposed practice 
of sport-specific skills
• Without pain or joint effusion at rest or 
during the exercises
• One-legged hop tests with side-to-side 
difference below 10%
• Isokinetic performance with side-to- 
side difference below 10%
• Patient-reported outcome measures 
greater than 90%
• No kinesiophobia or fear of reinjury
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surgery [138]. Nevertheless, there are some dis-
ease- and joint-specific, activity-related, associ-
ated quality of life and psychological evaluation 
outcome scores that may be suggested to be used 
in athletes following articular cartilage injuries 
(Table 44.2) [18, 66, 139–145].
Return to sports should be a shared decision 
between all the involved sports medicine pro-
fessionals and the stakeholders directly 
involved (coach, club directors, and the player 
itself), with well-defined roles in the return to 
play process [146–149]. Moreover, the combi-
nation of high- quality research evidence, clini-
cal expertise, intensive rehabilitation, and 
player motivation are the keystones to the opti-
mal return to competition [150–153]. In addi-
tion, several return to play decision-making 
models have been proposed to assist the sports 
medicine professionals to make a safe decision, 
including the Strategic Assessment of Risk and 





Fig. 44.5 Performance of one-leg hop tests to assess the limb symmetry index: (a) single hop for distance; (b) cross-
over hop for distance; (c) triple hop for distance and 6-meter timed hop test [136]
Table 44.2 Suggested disease- and joint-specific, activity-related, associated quality of life and psychological out-
come scores for athletes following articular cartilage surgery [18, 66, 139–145]
Common outcome scores for athletes following articular cartilage surgery











to Return to Sport Scale
KOSS Knee Injury and Osteoarthritis Outcome Score, IKDC International Knee Documentation Committee, SF-12 
short-form 12 items, SF-36 short-form 36 items, EQ-5D EuroQoL-5 dimensions
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Regarding articular cartilage lesions of the 
knee, the scientific literature reports good return 
to play rates following OAT/mosaicplasty, 
microfracture, and ACI surgical techniques in 
athletic populations [8, 158, 159]. When focus-
ing football players [2], the return to play rate 
seems to be higher, taking less time to return to 
play (Table 44.3). For football players, the 
results were pooled for each technique and pre-
sented according to the weighted mean [2]. Note 
that the return to play rate for ACI procedure 
was recalculated from the original study to 
exclude the recreational football players, which 
would lower return to play rate otherwise [60]. 
For the general athletic population, it is pre-
sented the range of means reported within the 
systematic reviews [8, 158, 159]. In the case of 
football players, the OAT procedure provides a 
faster return to competition (4.5 months), fol-
lowed by microfracture (8 months) and ACI 
(13.1 months) (Fig. 44.6) [77]. Still, when con-
sidering amateur football players, the return to 
play rate may be under the expected (only 16% 
returned to football) [60]. This may be explained 
by the fact that recreational football players aim 
for pain relief and recover the joint functionality 
while safeguarding the possibility of some 
sports participation, without the need for return-
ing to high-level sports activity. In contrast, pro-
fessional football players require a fast return to 
competition, preferably at the preinjury sports 
activity level. In addition, professional players 
may have access to higher-quality rehabilitation 
clinical facilities and more experienced sports 
medicine professionals, providing the ideal 
opportunity to apply a more aggressive rehabili-
tation aiming a faster return to play. Nevertheless, 
it must be highlighted that these players also 
require good quality chondral repair to avoid 
compromising the player’s long-term function-
ality and quality of life [39].
The microfracture procedure is the most com-
monly treatment employed in professional foot-
ball players with the belief that it provides a safe 
option that will result in a faster return to compe-
tition. Nevertheless, this common assumption is 
not accurate as it often takes longer rehabilitation 
and may be longer than OAT procedures 
(Table 44.3). Moreover, microfracture seems to 
have higher clinical deterioration overtime and, 
subsequently, lower clinical durability compared 
to OAT and ACI procedures [40, 160].
In-season and early career injuries often 
require prompt clinical decisions, once the player 
needs to return to competition as soon as possible 
and still play the rest of the season. Thus, time 
Table 44.3 Return to sports (%) and (months) following articular cartilage surgery for football players and general 
athletic population, based on results of systematic reviews
Football Athletic population
OAT MF ACI OAT MF ACI
Rate 87% 88% 85% 89–93% 58–75% 67–84%
Time to 
RTP
4.5 mo. 8 mo. 13.1 mo. 5.2–7.1 mo. 8–9.1 mo. 11.8–18 mo.




0 2 4 6 8 10 12 14 months
MF
OAT
Fig. 44.6 Reported 
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into the season and career status play a crucial 
role in the decision of the surgical technique. In 
this sense, it may be opted for microfracture or 
OAT procedure or even a simple surgical debride-
ment if the injury is small (<2 cm2). Nevertheless, 
the ACI/MACI technique should be considered 
as first-line option as it provides a more durable 
cartilage repair, especially in early career football 
players. In case of in-season players, the orthope-
dic surgeon may opt by debriding the cartilage 
defect to provide symptomology relief and col-
lect a cartilage biopsy concomitantly to perform 
an ACI in the off-season period. Similarly, if the 
football player is reaching his career ending, the 
microfracture/OAT may provide a fast pain relief 
to play the rest of his career and perform an ACI/
MACI procedure once the player retires [39].
The size of the lesion plays an important role 
as greater articular cartilage defects (>2 cm2) 
would benefit from ACI/MACI surgical proce-
dures (Fig. 44.1) once it provides higher clinical 
and functional outcomes [160].
Take-Home Message
The ultimate goal for the football player is to 
return to play at the preinjury sports activity level 
as fast as possible. Nevertheless, the sports medi-
cine professional must always ensure a safe 
return to play—primum non nocere.
The clinical decision making regarding the 
surgical technique and rehabilitation procedure 
must be customized according to the defect and 
the football player’s individual characteristics 
(age, defect size, levels of competition, career 
status, and time into the season).
The OAT/mosaicplasty and microfracture sur-
gical techniques provide a faster return to compe-
tition than ACI/MACI procedures, however, that 
display a less durable and lower-quality repaired 
tissue.
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45.1  Introduction
Injury to the articular cartilage in athletes is not 
uncommon with over one third of patients dem-
onstrating full-thickness defects at the time of 
diagnostic arthroscopy [1]. Furthermore, articu-
lar cartilage lesions have been identified in 
approximately half of young athletes undergoing 
primary anterior cruciate ligament (ACL) recon-
struction [2]. Not all full-thickness lesions are 
symptomatic; therefore, an individualized 
approach to each athlete needs to be considered.
Multiple non-operative techniques can be 
employed for a symptomatic lesion, including 
physiotherapy, analgesics, bracing, and injections. 
However, there is low potential for intrinsic heal-
ing, and these cartilage injuries can progress to 
larger lesions and eventual degenerative joint dis-
ease [3]. The main surgical treatment options cur-
rently used in the United States include arthroscopic 
lavage with debridement, microfracture (MF), 
osteochondral autograft transfer (OAT), osteochon-
dral allograft (OCA) transplantation, and autolo-
gous chondrocyte implantation (ACI). Many 
authors have published outcomes using these tech-
niques, but there is significant heterogeneity in 
study design, patient demographics, lesion size, 
and location [4–8]. This heterogeneity in study 
design makes data interpretation and surgical deci-
sion-making difficult. This is complicated further 
in football players where additional factors includ-
ing the stage of a player in their career, upcoming 
events, recovery time, and longevity with high-
impact activity must also be considered.
This chapter will review the surgical options, 
assess their advantages and disadvantages 
(Table 45.1), and provide an evidence-based 
algorithm to help guide the treatment of 
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 full- thickness articular cartilage lesions in foot-
ball players. There are ultimately three goals of 
surgical intervention: (1) enable the player to 
return to a highly competitive level of activity, (2) 
provide the player timely return to sport, and (3) 
deliver longevity for an athlete’s career.
45.2  Surgical Interventions
45.2.1  Arthroscopic Debridement 
and Chondroplasty
Background: Arthroscopic debridement and chon-
droplasty allow for removal of loose bodies and 
unstable cartilage fragments that may be contrib-
uting to synovial inflammation and mechanical 
irritation [4]. Debridement can be performed 
either by mechanical means with a shaver or using 
radiofrequency ablation [4]. Chondroplasty has 
the distinct advantage over other cartilage inter-
ventions in that it allows for rapid return to activity 
and does not disrupt the subchondral bone, poten-
tially altering the outcomes of future cartilage res-
toration techniques [9].
Surgical technique: Care is taken to debride 
the damaged cartilage back to a stable peripheral 
rim. This can be done mechanically (open or 
arthroscopic) with a shaver and curettes or by 
radiofrequency ablation. Manual curettage is the 
preferred debridement technique as the shaver 
alone can result in crater-like defects while bipo-
lar undermines the cartilage wall [10].
Outcomes: Short-term benefits in both pain 
relief and symptom improvement have been docu-
mented following chondroplasty [11]. However, 
chondroplasty has never been shown to alter the 
natural history of arthritis progression [12]. A 
recent randomized control trial compared no carti-
lage intervention, chondroplasty, and MF in 
patients with full-thickness cartilage lesions [13]. 
They demonstrated no difference in Knee Injury 
and Osteoarthritis Outcome Scores (KOOS) at 
2-year follow-up. This is reassuring to both patients 
and surgeons as it demonstrates that the potential 
short-term benefit of removing loose cartilage flaps 
has no negative effect on intermediate- term 
 outcomes. Conversely, patients who underwent 
MF showed deteriorating outcomes at 2 years. 
Table 45.1 Advantages and disadvantages of the surgical procedures currently utilized for treating full-thickness car-













Single stage Normal host 
cartilage
Can treat large 
lesions
Can treat large 
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Fact Box 1
Chondroplasty provides short-term pain 
relief and rapid return to activity without 
disrupting the subchondral bone.
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Scillia et al. [14] performed arthroscopic debride-
ment and chondroplasty in 52 players in the 
National Football League. They reported that over 
two thirds of players were able to return to play at 
an average of 8.2 months postoperatively. This was 
in comparison to players who underwent MF who 
were more than four times less likely to return to 
sport than those who had debridement alone.
45.2.2  Microfracture (MF)
Background: Pridie et al. first described subchon-
dral drilling for osteoarthritis in 1957 [15]. This 
was later modified by Steadman et al. [16] in 
1997 to reflect the modern MF with marrow stim-
ulation. MF has become the most commonly 
used restorative technique for treating cartilage 
lesions [17]. MF is a relatively inexpensive, 
single- stage procedure that is technically less 
challenging than more advanced restorative tech-
niques [18]. However, histologic studies have 
demonstrated that the defect fills contain less 
durable fibrocartilage [19]. Scaffold augmenta-
tion has been used in recent years in an attempt to 
improve defect fill and induce hyaline-like carti-
lage rather than fibrocartilage [20, 21].
Surgical technique: The technique for MF has 
been described in detail [16]. The cartilage lesion 
is assessed and debrided back to a stable border 
circumferentially (Fig. 45.1a, b). The calcified car-
tilage is then carefully removed from between the 
a b
c d
Fig. 45.1 Microfracture. (a) Arthroscopic view of a right 
medial femoral condyle with a 10 × 15 mm full-thickness 
cartilage lesion. (b) Full-thickness cartilage defect after 
debridement of the calcified cartilage layer with stable 
vertical borders. (c) Microperforations throughout carti-
lage defect with 3–4 mm of space between each perfora-
tion. (d) Release of marrow elements following 
microfracture
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deep cartilage and the subchondral bone. 
Microperforation is then performed using a pick 
instrument. The perforations begin peripherally 
and move centrally leaving 3–4 mm bone bridges 
(Fig. 45.1c). After completion of homogeneous 
microperforation, the inflow is stopped, and influx 
of blood and marrow products is confirmed 
(Fig. 45.1d). If allograft extracellular matrix aug-
mentation is performed, the flow remains off while 
the particles are applied to the base of the defect.
Outcomes: MF provides the best outcome 
when performed on small (<2–3 cm2), full- 
thickness cartilage lesions. Increased age (over 
35–45 years), BMI (>25–30 kg/m2), and duration 
of symptoms (>12 months) all lead to worse out-
comes [22]. Eighty percent of patients have 
reported improvement from preoperative pain 
and function at an average of 11.3 years [23]. MF 
is also one of few techniques that have been 
directly studied in football players. Twenty of 21 
patients (95%) returned to professional football 
the following season and continued to play for an 
average of 5 years (1–13 years) [17]. While these 
case series have demonstrated promising results, 
the outcomes of MF in young athletes have been 
less optimistic in prospective comparative studies 
[6, 7] with outcomes that deteriorate over time 
[24]. Long-term outcomes following MF were 
reported on 63 athletes. While only 14% demon-
strated pain and effusions with strenuous activity 
at 2 years, this increased to over half of patients 
at final follow-up (average 15 years). In addition, 
radiographic progression of osteoarthritis had 
occurred in 40% of knees [25].
Recently, scaffold augmentation of MF has 
been introduced into clinical practice. A random-
ized trial compared MF with BST-CarGel scaf-
fold to MF alone [21]. Radiographs at 12 months 
demonstrated significantly better lesion filling 
and hyaline-like cartilage signals. However, there 
was no difference in clinical outcomes as mea-
sured by Short Form-36 (SF-36) and the Western 
Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC). Animal studies have recently 
demonstrated increased fill with bone marrow 
aspirate augmentation [26]. An alternative 
method for MF augmentation is platelet-rich 
plasma (PRP) gel [27].
45.2.3  Osteochondral Autograft 
Transfer (OAT)
Background: OAT provides immediate restora-
tion of cartilage defects with normal hyaline 
articular cartilage. The donor tissue is obtained 
from the healthy host’s ipsilateral or contralateral 
knee in a minimal weight-bearing zone. A single 
plug can be harvested for a smaller lesion; how-
ever, multiple smaller plugs are often required to 
fill a defect. This process was pioneered by 
Hangody et al. [28] in the 1990s and is com-
monly termed mosaicplasty. OAT has the distinct 
advantage of transferring the bone with each car-
tilage plug. This allows small defects resulting 
from an osteochondritis dissecans to be filled 
during transfer [29]. The main limitation of OAT 
is defect size. Larger defects make it more diffi-
cult to restore the articular surface geometry and 
also increase donor site morbidity [30]. This 
technique is best suited for lesions 1–4 cm2 in 
size [29].
Surgical technique: The surgical technique for 
osteochondral autograft transfer has been 
described [30]. First, the defect size is determined 
(Fig. 45.2a). The recipient site is then debrided of 
all non-healthy tissue using a combination of 
curettes, reamers, and a knife blade down to a 
healthy subchondral bone. Recipient plugs are 
obtained from the minimal weight-bearing periph-
ery of the femoral condyles at the level of the 
patellofemoral joint. The plugs are inserted in 
succession into the osteochondral defect. A com-
bination of different graft sizes should be used to 
obtain 90–100% defect fill (Fig. 45.2b). 
Fibrocartilage is expected to fill any remaining 
defects and the interstices between the plugs.
Outcomes: The results following OAT are 
good/excellent in 92% for the femoral condyles, 
87% for the tibial plateau, and 74% for the patella 
and trochlea [29]. Good/excellent results were 
reported for International Cartilage Repair 
Fact Box 2
OAT is best performed for lesions 1–4 cm2 
to reduce the risk of donor site morbidity.
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Society (ICRS) outcomes (77%) and significant 
International Knee Documentation Committee 
(IKDC) subjective scores at 7 years’ post-op 
(71.8) when compared to preoperative scores 
(34.8) [31]. In a retrospective comparative study, 
it was shown that patients who underwent OAT 
had similar SF-36, International Knee 
Documentation Committee (IKDC), and Knee 
Outcome Survey activities of daily living scores 
but significantly higher Marx Activity Rating 
Scale scores at 2, 3, and 5 years when compared 
to MF [32]. They attributed these findings to 
patients modifying their activity levels to one that 
provides satisfactory knee function and comfort. 
It was shown that OAT is superior to MF in young 
active athletes at 3 years’ follow-up [33]. A case 
series of 61 football players was followed for an 
average of 9.6 years. The International Cartilage 
Repair Society (ICRS) score was 89% good or 
excellent with an overall 67% rate of return to the 
same level of sport. A significantly greater rate of 
return was observed among elite players (89%) 
compared to competitive players (62%) [34].
45.2.4  Osteochondral Allograft 
(OCA) Transplantation
Background: OCA involves transplanting cadav-
eric tissue to fill cartilage defects. This technique 
allows for immediate structural restoration of the 
articular surface and has demonstrated consis-
tent clinical results [35]. OCA has the distinct 
advantage of filling large bone and cartilage 
defects with no donor site morbidity. However, 
to ensure that the articular surface is congruent, 
donor specimens must be geometrically matched 
to their recipient. After a match has been identi-
fied, the donor tissue undergoes bio-microbial 
testing for approximately 2 weeks. Ideally, trans-
plantation occurs prior to 28 days to optimize 
chondrocyte survival [36]. The greatest chal-
lenges in OCA cases often relate to timing and 
logistics for both the surgeon and the patient 
given the short window of opportunity for 
transplantation.
Surgical technique: OCA is performed in a 
similar manner to OAT as discussed above. First 
the size of the defect is assessed (Fig. 45.3a, b). 
Commercially available instrumentation is used 
to remove the damaged cartilage and subchon-
dral bone from the recipient site (Fig. 45.3c). 
The defect circumference and depth are mea-
sured. A donor osteochondral plug is harvested 
perpendicular to the cartilage surface from the 
same geographic zone and contoured to the 
appropriate thickness (Fig. 45.3d). The donor 
plug is marginally larger in circumference to 
allow for a compression fit (Fig. 45.3e, f) [37]. 
Compression screws can be added for additional 
fixation if there is concern regarding the frag-
ment stability.
Outcomes: Osteochondral allograft transplan-
tation for cartilage and bone defects has shown 
good long-term survival with 85% survival of 
femoral grafts and 80% survival for tibial plateau 
a bFig. 45.2 Osteochondral 
autograft transfer. (a) 
Medial femoral condyle of 
a right knee with a 
5 × 12 mm full- thickness 
chondral defect observed 
through a medial parapa-
tellar arthrotomy. (b) Right 
medial femoral condyle 
with two 7 mm osteochon-
dral autograft plugs after 
mosaicplasty
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grafts at 10 years’ follow-up [38]. OCA provides 
good to excellent clinical outcomes in 72% of 
patients [39]. The rate of return to sport following 
OCA was assessed [7]. Forty-three patients with 
a mean defect size greater than 7 cm2 were fol-
lowed for over 2 years. They demonstrated that 
79% of patients were able to return to their prein-
jury level of activity. No direct comparisons exist 
for OAT versus OCA in competitive athletes. 
This is likely because OAT is the preferred proce-
dure for smaller lesions while OCA is performed 
for larger lesions with concern for donor site 
morbidity.
45.2.5  Autologous Chondrocyte 
Implantation (ACI)
Background: In 1994, Peterson and colleagues 
described autogenous chondrocyte implantation 
(ACI) as the first cell-based therapy for cartilage 
restoration [40]. The original two-stage technique 
implanted cultured autologous  chondrocytes 
under a periosteal sleeve that was sewn over the 
cartilage defect. The most common complication 
following this procedure was graft hypertrophy in 
as many as 36% of patients [41]. Second- and 
third-generation techniques have since been 
developed including collagen-covered ACI 
(C-ACI) and matrix-induced ACI (M-ACI). 
C-ACI utilizes a collagen membrane instead of a 
periosteal flap which significantly reduces graft 
hypertrophy and reoperation [42]. M-ACI utilizes 
tissue engineering to provide a scaffold for even 
cell distribution within the graft. In this technique, 
the chondrocytes are implanted into the collagen 
membrane matrix in the laboratory and later posi-
tioned into the cartilage defect [5]. Histologic 
analysis at 2 years following ACI has demon-
strated 80% hyaline-like cartilage [43]. This is a 
distinct advantage over MF which produces fibro-
cartilage [19].
Surgical technique: The surgical technique 
for ACI has been described in detail [40]. ACI is 
a two-stage procedure. The first stage allows for 
a diagnostic arthroscopy to carefully assess the 
size and depth of the cartilage defect and deter-
mine if ACI is indicated (Fig. 45.4a, b). Normal 
cartilage is then harvested from a minor load- 
bearing zone such as the upper medial or lateral 
femoral condyle or the margins of the intercon-
dylar notch. The cartilage (and associated chon-
drocytes) is then placed in a storage medium 
and sent to a specialized laboratory for culture 
proliferation. The patient is scheduled for the 
second stage in 6–12 weeks after the biopsy. 
The cartilage defect is identified and debrided 
back to normal borders. A membrane is sewn to 
the normal edges around the cartilage defect to 
provide containment of the chondrocytes which 
are injected underneath (Fig. 45.4c). The syn-
thetic membrane has decreased hypertrophy 
rates substantially without compromising fill or 
integration [42].
Outcomes: The outcomes following ACI have 
been promising with survivorship of 71% at 
10 years and improved function in 75% of 
patients [44]. Multiple trials have compared ACI 
to MF demonstrating similar short-term results 
followed by significantly better functional scores 
at 2–5 years’ follow-up after ACI [45, 46]. Return 
to sport was reported in a prospective, nonran-
domized comparative study of second-genera-
tion ACI and MF in patients with grade III/IV 
cartilage lesions [46]. Both groups had improved 
IKDC scores when compared to baseline, but the 
patients who underwent ACI had significantly 
greater clinical improvement. In addition, 
patients treated with ACI maintained their 2-year 
rate of return to sport when assessed again at 
5 years’ follow-up. This was in contrast to those 
who underwent MF who demonstrated a decline 
in sports participation over time. This suggests 
that intermediate-term clinical improvements 
Fig. 45.3 Right medial femoral condyle osteochondral 
allograft. (a) Arthroscopic image of a full-thickness carti-
lage defect. (b) Cartilage defect measuring 20 × 20 mm. 
(c) Recipient site after reamed preparation with 22.5 mm 
reamer with a stable peripheral rim. (d) Size-matched 
donor graft marked for harvest. (e) Post compression fit 
placement of 22.5 mm allograft plug. (f) Lateral view post 
allograft plug
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achieved following ACI can be expected to per-
sist through long-term follow-up. These results 
are supported by Peterson et al. [47] who showed 
that 50 of 51 patients who had a good to excel-
lent outcome at 2 years had similar outcomes at 
5–11 years’ follow-up. Return to soccer after 
ACI in 45 players with full-thickness cartilage 
lesions showed while only 33% of all players 
returned, 83% of competitive players return in 
comparison to only 16% of recreational players. 
Of those players who returned to soccer, 80% 
returned at the same skill level and maintained 
their ability to compete at an average of 
52 ± 8 months [48]. They concluded that ACI is 
successful in highly competitive soccer players 
with a high rate of return to soccer and durability 
after return. ACI has also shown improved clini-
cal outcomes when compared to MF in multiple 
randomized trials.
45.3  Return to Sport Comparison 
of All Techniques
A systematic review for return to sport following 
cartilage restoration techniques showed an overall 
return to sport of 73% in 1363 patients [49]. The 
highest rate of return (91%) and shortest time 
(7 ± 2 months) to return occurred in patients who 
underwent OAT. Patients who underwent ACI 
demonstrated the highest rate (96%) of continued 
sports participation at 7 years; however, these 
patients required the longest time to return to sport 
at an average of 18 ± 4 months. Factors affecting a 
patient’s ability to return to sport included age, 




Fig. 45.4 Autologous chondrocyte implantation. (a) 
Arthroscopic view of a patella demonstrating a 20 × 16 mm 
full- thickness cartilage lesion. (b) Cartilage defect after 
debridement to stable borders. (c) Injection of autologous 
condrocytes under a synthetic membrane flap sewn to the 
peripheral edge of the cartilage defect
Fact Box 3
Seventy-six percent of athletes will return 
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lesion size, and tissue morphology. Since 2009, 
multiple high-quality studies have been published 
assessing return to sport. An updated meta-analy-
sis supports the results described above [50]. 
Forty-four studies met the inclusion criteria with 
2549 patients (1756 male, 793 female). The over-
all rate of return to sport was 76%. The highest rate 
of return occurred in 93% of patients following 
OAT, followed by 82% after ACI, and 58% after 
MF. The fastest time to return to sport was 
5.2 ± 1.8 months for OAT, followed by 
9.1 ± 2.2 months for MF, 9.6 ± 3.0 months for 
OCA, and 11.8 ± 3.8 months for ACI (p < 0.001). 
Due to study heterogeneity, a meta-regression was 
performed to assess factors including patient age, 
lesion size, and  preoperative Tegner scores, none 
of which were shown to affect the rate of return to 
sport. This meta- analysis concluded that OAT pro-
vided the greatest rate of return to sport and fastest 
recovery for the treatment of full-thickness carti-
lage defects in the knee.
45.4  Author’s Evidence-Based 
Approach
The decision-making process for high-demand 
athletes with full-thickness cartilage defects is 
complex (Fig. 45.5). Multiple factors should be 
considered including symptom severity, patient 
age, career stage, and upcoming competition. In 
select circumstances where mechanical symp-
toms are present or expedited return to play is a 
priority, palliative arthroscopic debridement and 
chondroplasty can be considered. It is important 
that the athlete fully understands that chondro-
Fig. 45.5 Author’s preferred treatment algorithm for 
symptomatic full-thickness cartilage lesions in the com-
petitive athlete (TTO tibial tubercle osteotomy, DFO dis-
tal femoral osteotomy, HTO high tibial osteotomy, OAT 
osteochondral autograft transplantation, ACI autologous 
chondrocyte implantation, MF microfracture)
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plasty will not provide long-term symptom relief 
and may place them at risk for further chondral 
damage before restorative or regenerative options 
are sought.
If the decision is made to proceed with restor-
ative techniques, the cause for the cartilage lesion 
and all concomitant pathology should be sought 
and corrected simultaneously with any cartilage 
intervention. If the mechanical axis passes 
through the affected compartment, an osteotomy 
should be performed to off-load the joint where 
possible. As a general rule, overcorrection should 
not be performed in an athlete; therefore, the 
mechanical axis cutoff is 5 degrees. Ligament 
deficiencies are corrected with reconstruction, 
and meniscal pathology is addressed with partial 
resection, repair, or transplantation.
The size of the cartilage lesion is measured on 
MRI. Our preferred method of cartilage restora-
tion in high-demand athletes for an isolated 
lesion measuring less than 3 cm2 is OAT. 
Osteochondral autograft provides a durable 
reconstruction with a demonstrated high rate of 
return to the same level of sport participation 
with the shortest recovery time. ACI can be con-
sidered for lesions less than 3 cm2; however, the 
delayed time to return to sport often excludes this 
option based on patient preference. MF is no lon-
ger performed routinely in young high-demand 
athletes due to its deteriorating outcomes over 
time and potential detrimental effect on future 
regenerative procedures.
If the lesion measures greater than 3 cm2, the 
morbidity associated with OAT is considered 
high. ACI and OCA become the preferred inter-
ventions for large chondral defects at our institu-
tion with good success. If the lesion involves the 
patellofemoral joint, ACI is favored. If the sub-
chondral bone is deficient, OCA is favored. 
Patient preference is also taken into consideration. 
OCA can provide an expedited return to sport, but 
allograft availability, patient acceptance of cadav-
eric tissue, and graft longevity must also be con-
sidered. If a patient chooses ACI, we currently 
practice a second-generation technique using a 
synthetic membrane in place of a periosteal 
sleeve. The timeline for return to sport after ACI 
remains controversial. We restrict competitive 
sport participation until a minimum of 12 months 
following the second-stage ACI and OCA.
Take-Home Message
• Each patient must be treated on an individual 
basis to align their expectations with the 
potential advantages and disadvantages of the 
surgical option available.
• Debridement and chondroplasty provide 
short-term pain relief and rapid return to sport.
• OAT offers the fastest recovery and highest 
rate of return to sport rate in cartilage restora-
tion surgery (ideal for lesions less than 3 cm2).
• Larger lesions are amenable to ACI with good 
outcomes in football players.
• New cell-based and scaffold techniques offer 
a promising future in cartilage restoration: 
however, these techniques have not yet been 
validated in high-demand football players.
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46.1  Introduction
Among all sports disciplines, soccer is the most 
popular worldwide, with more than 300 million 
players overall, 200,000 of them being profes-
sional/elite athletes [1–3]. As it is a high-speed 
contact activity, with marked intensity of joint 
impact and torsional loading [4], soccer is esti-
mated to be responsible for the majority of ath-
letic injuries in Europe [5]. Most soccer injuries 
occur in the lower extremities (52–95%) and 
most frequently at knee (16–46%) and ankle (17–
40%) joints [6–10]. This forceful and repetitive 
mechanical stress is also associated with a grow-
ing incidence of articular cartilage damage of the 
knee [11–14].
Traumatic or microtraumatic injury of the 
articular cartilage and the underlying subchon-
dral bone are frequent conditions in athletes, as 
reported by a systematic review of the literature 
performed by Flanigan et al. [11]. They esti-
mated the presence of asymptomatic cartilagi-
nous defects in over 50% of athletes, with a 
36% prevalence of full-thickness injuries. 
These kinds of defect often result in debilitat-
ing symptoms, and, since articular cartilage 
lacks spontaneous self- repair capacity [15–17], 
if untreated, they can lead to joint degeneration, 
with an increased risk of developing osteoar-
thritis (OA) in the long term compared with the 
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general population [11, 18]. Indeed, OA has 
been reported as the major chronic pathology 
suffered by professional  soccer players [19], 
eventually leading to an early career ending and 
to the problem of young patients with old joints 
[17, 20–22].
All these reasons make it mandatory to address 
defects of the articular surface in order to restore 
the correct knee function and allow an early and 
durable return to sport activity. Young patients 
with “recent injuries” are factors positively cor-
related with the clinical outcome of cartilage 
lesions. Unfortunately, cartilage defects often 
present a gradual and degenerative onset, so that 
physicians and surgeons face degenerative lesions 
secondary to overuse or to progressive injuries. 
Nonetheless, the high motivation and compliance 
of this kind of patients may still lead to satisfac-
tory clinical results with the help of recent tech-
niques developed to restore an optimal articular 
surface (Table 46.1).
The aim of this chapter is to resume the evi-
dence regarding the most advanced treatments 
for cartilage injuries in high-level athletes, with a 
specific focus on contact sports such as soccer.
46.2  Principles of Treatment of 
Cartilage Lesions in Athletes
The treatment of articular cartilage lesions is 
mainly based on the size of the chondral lesion 
and any possible bone involvement [23]. 
Generally, the management of these defects in 
athletes is complex and multifactorial [24] 
involving a conservative approach and, once 
failed, surgical treatments and rehabilitation pro-
grams. Briefly, nonsurgical treatments include 
chondroprotective pharmacotherapy, nonsteroi-
dal anti-inflammatory medication, physiotherapy, 
and hydrotherapy, which are especially suitable 
for early stages [22]. However, these are symp-
tomatic and nondisease-modifying approaches, 
which offer mainly a temporary benefit.
The surgical indication involves a symptom-
atic full-thickness cartilage defect, with or with-
out involvement of subchondral bone (ICRS 
grades III–IV), refractory to conservative treat-
ments [23]. Treatment options range from repara-
tive techniques, such as microfractures and 
drilling; to reconstructive ones, including mosa-
icplasty, osteochondral autograft transplantation 
(OAT), and fresh allograft transplantation; and to 
the more recent regenerative techniques, like 
autologous chondrocyte implantation (ACI) and/
or matrix-induced autologous chondrocyte trans-
plantation (MACT). Finally, one-step techniques 
like cell-free scaffolds exploiting the self- 
regenerative potential of damaged tissues have 
recently been proposed. However, although the 
literature reports good or excellent results for 
most athletes with satisfactory rate of return to 
sports [13, 14, 24–26], no consensus on the best 
technique has been reached so far, with each pro-
cedure carrying its own indications and limita-
tions (Table 46.2).
Table 46.1 Factors most commonly associated with bet-
ter outcomes and with recovery time and level of sport 
activity after cartilage treatment
Factors Best outcomes
Age <25 years
Symptoms duration <12 months




Surgical technique Mini-invasive technique
Rehabilitation “Step-based” rather than 
“time-based” rehabilitation 
protocol
Table 46.2 Main surgical indications and characteristics of the most studied surgical techniques in athletes
Microfractures Mosaicplasty Allografts ACI/MACT
Size <2 cm2 >2 cm2
Depth Chondral Osteochondral Osteochondral Chondral
Time to return to sport 9 months 7 months 10 months 16 months
Return to sport 75% 89% 88% 84–86%a
Return to the same sport level 69% 70% 79% 71–75%a
aRange of different ACI techniques
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46.3  Reparative and 
Reconstructive Techniques
Microfractures take advantage of the creation of 
small channels through subchondral bone, allow-
ing progenitor cells and growth factors to migrate 
from bone marrow into the previously prepared 
chondral lesion to form a clot, which then differ-
entiate into fibrocartilaginous tissue [27]. It is a 
relatively cheap mini-invasive technique that can 
be performed arthroscopically, which allows a 
relatively short rehabilitation time and early 
return to sport. For this reason, microfractures are 
widely used in the common clinical practice as 
first-line treatment for cartilage injuries in  athletic 
patients [28], and overall, they remain the most 
widely used surgical approach to treat cartilage 
lesions [29]. A significant improvement from the 
preoperative level to early follow-up has been 
documented, with comparable clinical outcomes 
between competitive and recreational athletes 
[30]. However, Gobbi et al. [31] showed that 
good early clinical results gradually deteriorated 
at long-term follow-up in a group of 61 athletes 
evaluated for an average of 15.1 years.
Among reconstructive techniques, mosaic-
plasty is the most widely investigated. It involves 
the transplantation of autologous osteochondral 
cylinders harvested from a nonbearing area of the 
same knee and press-fit implants into the defect 
area [32]. Good clinical results have been 
reported to be stable up to long-term follow-up. 
Moreover, the rationale of transferring healthy 
hyaline cartilage directly into the defect, taking 
advantage of more rapid bone to bone healing in 
the deeper part of the graft, makes it suitable for 
an early return to sport [33–36]. Hangody, the 
main developer of this procedure [22], evaluated 
the clinical outcomes in 61 elite football players 
at 2–17 years of follow-up and found 89% good 
and excellent results. Sixty-seven percent of all 
players returned to the same level of sport: this 
ratio was higher in elite players (89%) rather than 
competitive ones (62%). Moreover, an early 
return to competition was reported, after a mean 
of 4.5 months from surgery. This, together with 
experiences from other authors [37–39], con-
firmed mosaicplasty to be a suitable option for 
the treatment of articular cartilage defects in a 
high-demanding population. On the other hand, a 
certain degree of morbidity in the donor site 
remains inevitable, and this issue strongly limits 
the indication of this technique for the treatment 
of defects not exceeding 2–3 cm2, as emphasized 
by long-term studies [37, 38].
A different reconstructive option sharing some 
characteristic with mosaicplasty involves the use 
of osteochondral allografts (Fig. 46.1), which on 
the other hand allow to overcome the limitation 
of donor site morbidity for the treatment of large 
lesions. Among different storage conditions, the 
use of fresh graft is recommended in order to bet-
ter preserve chondrocyte viability [40]. This pro-
cedure can be performed by freehand techniques 
or using dedicated instruments for the press-fit 
transfer of appropriately sized osteochondral cyl-
inders [41]. The outcome of this procedure has 
been investigated also among athletes. Krych 
et al. [42] observed positive findings in 43 ath-
letes treated with fresh-stored osteochondral 
allograft transplantation at 2.5-year of follow-up: 
79% recovered to unrestricted activity at the 
same level as before symptoms onset, with a 
mean time to return to sport of 9.6 ± 3.0 months. 
Risk factors for not returning to sport included 
age ≥25 years and preoperative duration of 
symptoms ≥12 months, which are rather com-
mon in soccer players presenting chondral prob-
lems. Therefore, together with other evidences 
Fig. 46.1 Implantation of osteochondral allograft
46 Advanced Techniques of Cartilage Repair in Football Players
pieter.orthopedie@gmail.com
628
showing less satisfactory results [43, 44], these 
findings highlight some limitations for the treat-
ment of an athletic population and support the 
need for other techniques able to restore the artic-
ular surface.
46.4  Regenerative Techniques
The abovementioned limitations of the “tradi-
tional” procedures have powered, in the past two 
decades, the research on “regenerative” tech-
niques, aiming at improving tissue quality, and 
offer optimal outcomes with more stable to long- 
term results [45].
46.4.1  Autologous Chondrocyte 
Implantation (ACI)
ACI procedure involves the injection of a cell 
suspension of chondrocytes, previously harvested 
from the same knee and culture-expanded, under 
a periosteal flap taken from the ipsilateral tibia 
and sutured to cover the defect [46]. This tech-
nique was introduced over two decades ago and 
produced positive results in isolated lesions of 
the femoral condyles, even in case of large size 
defects, becoming one of the most documented 
regenerative techniques for the surgical treatment 
of articular cartilage defects [46]. Recent litera-
ture showed stable and satisfactory results in 
long-term follow-up [47, 48]. Concerning the 
results obtained for the treatment of athletes, 
Mithoefer et al. [49] evaluated at 41 months of 
follow-up 45 young (26 years mean age) soccer 
players treated with ACI. Besides an overall 72% 
of good or optimal results, return to soccer was 
achieved in only 33% of cases, at a mean of 
18 months postsurgery. However, high-level 
players had both higher rate of return (83%) and 
shorter recovery time (14 months). Conversely, 
only 16% of amateur athletes returned to practice 
sports. These findings highlight the importance 
of pre-injury level of activity, which is a key 
prognostic factor probably due to both precondi-
tioning and personal motivation. Mithoefer et al. 
[50] later performed a study on 20 teenager ath-
letes at 47-month follow-up, showing a return to 
sport rate of 96%, with 60% to a level equal or 
even higher than before the onset of symptoms. 
The outcomes were positively correlated with 
shorter duration (<12 months) of preoperative 
symptoms and absence of previous surgical treat-
ments. Finally, the intense participation in sport-
ing activities was related to better outcomes, as it 
was also reported by other authors. Kreuz et al. 
evaluated 118 athletes based on their level of 
sport activity and found that those who had 
higher activity were more likely to be back to 
their pre-injury level after ACI surgery [51]. The 
importance of activity level was confirmed also 
by Van Assche et al. [52], who compared the 
results obtained in 33 patients treated with ACI, 
versus 34 treated with microfractures at 
24 months of follow-up. They did not find any 
significant intergroup difference, but they 
observed better results in patients more compli-
ant to the rehabilitation protocol and in those 
with higher level of physical activity. These 
promising yet not optimal results, obtained using 
ACI, highlight how important it is to identify the 
ideal patient who can obtain the best benefit using 
this regenerative procedure. In fact, satisfactory 
results were observed in young and more active 
patients, all factor that should be considered 
when choosing the indication for treatment. 
However, despite the good results obtained by 
ACI technique in active patients, this surgical 
approach remains linked to relatively high com-
plication and reoperation rates, mainly due to 
hypertrophy of the periosteal graft and the need 
for arthrotomy [48]. This, together with the pro-
gresses obtained in bioengineering, has led to the 
development of new regenerative procedures.
46.4.2  Second-Generation 
Autologous Chondrocyte 
Implantation
These procedures were introduced in 1998, as an 
evolution of the ACI procedure that was improved 
using bioengineered matrixes as a scaffold to 
support the growth of chondrocytes previously 
expanded in culture (matrix-assisted chondrocyte 
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transplantation, MACT) [53]. Different biomate-
rials have been used, but collagen type I/III or 
hyaluronic acid matrixes were most commonly 
reported in the clinical setting [45]. The easy han-
dling of bioengineered materials compared to liq-
uid cultures has reduced the procedure 
invasiveness, and some of these implants can be 
performed by arthroscopy [54].
Literature findings showed excellent outcomes 
for MACT techniques, proven to be durable at to 
long-term evaluations. Various applications have 
been investigated, from patellofemoral injuries to 
degenerative or cartilage defects in arthritic knees 
[55, 56], and some studies looked specifically at 
their use in a sport- active population. Filardo 
et al. [57] evaluated 62 patients at a mean follow-
up of 84 months after implantation of hyaluronic 
acid-based MACT (Hyalograft C®, Fidia, Padova, 
Italy) for lesions located at the femoral condyles 
(Figs. 46.2 and 46.3). The significant clinical 
improvement was stable over time, and better 
results were obtained in young male patients. A 
significant positive correlation was also found 
with the level of physical activity before the acci-
dent. Subsequently, Kon et al. published a study 
on 41 professional or semiprofessional football 
players evaluated at a mean follow-up of 7.5 years, 
where results obtained using MACT were com-
pared to those obtained with microfractures (21 
and 20 patients, respectively) [58]. Both groups 
significantly improved and no difference was 
observed at 24 months of follow-up. However, at 
the final evaluation microfractures showed a sig-
nificant deterioration of the results, compared to 
the stable outcomes of the MACT group. While 
80% of patients in the microfractures group 
returned to their prior activity level at a mean of 
8 months after surgery, 86% of those treated with 
MACT resumed sport activity at a mean of 
12.5 months. Thus, this study confirms that micro-
fractures allow a faster but less durable recovery, 
Fig. 46.2 View of the osteochondral lesion before the 
treatment
Fig. 46.3 Osteochondral lesion after hyalograft C 
implantation
Fact Box 1
The use of bioengineered biomaterials 
seeded with cultured chondrocytes pro-
duced excellent and long-lasting clinical 
results, probably thanks to the hyaline-like 
characteristics of the regenerated tissue. 
Unfortunately, the use of cell-based tech-
niques is plagued by issues in terms of 
costs and the need for two surgical inter-
ventions related to procedures of ex vivo 
processing.
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while MACT requires more time for patient to 
return to previous activities, but, at the same time, 
it provides better quality tissue and longer-lasting 
results. Finally, Pestka et al. [59] recently per-
formed a retrospective study on the return to sport 
after MACT. Among 130 patients evaluated, 
73.1% was able to resume sports activities, inde-
pendently from lesion site and size. However, 
duration and frequency of the activity signifi-
cantly decreased compared to pre-injury: in detail, 
intense high-impact sports were mostly aban-
doned in favor of less durable and intense ones, 
and only 40% of the patients managed to maintain 
the previous level of activity.
Among the wide literature available on MACT, 
specific studies are available focusing on the 
effects of postoperative rehabilitation variables. 
Ebert et al. tested an accelerated rehabilitation pro-
tocol, demonstrating the ability to speed up the 
recovery of normal walking, in association with a 
reduction in pain and complications compared to 
standard rehabilitation protocols [60]. Della Villa 
et al. also applied an intensive rehabilitation after 
MACT on 31 athletes, optimizing the results with-
out compromising the integrity of the graft but, at 
the same time, decreasing complications and lead-
ing to a more rapid and efficient recovery, both 
compared to a control study group and to literature 
findings: 81% of the patients was back to the pre-
vious sports activity within 12 months [61].
The use of bioengineered biomaterials with 
chondrocytes has shown to ensure excellent long- 
lasting clinical results, probably thanks to the 
hyaline-like characteristics of the regenerated tis-
sue [14]. Unfortunately, the use of cell-based 
techniques is plagued by issues in terms of costs 
and need for two surgical interventions related to 
procedures of ex vivo processing [45]; thus, 
researchers have focused their efforts on the 
development of alternative solutions, in order to 
overcome practical, economic, and legislative 
problems related to cell manipulation.
46.4.3  Acellular Scaffolds
Some biomaterials have shown the ability to pro-
mote tissue regeneration by stimulating the self- 
regenerative potential of the tissue itself. These 
scaffolds can be used as a “one-step” procedure, 
since they do not need any supplementation with 
cells, containing costs and problems due to cell 
manipulation and double surgical procedure. 
Several scaffolds were tested at preclinical level, 
but the use in the clinical practice has been 
reported for only a few of these [45].
The AMIC (Autologous Matrix-Induced 
Chondrogenesis) technique applies a type I/III 
collagen-based scaffold for the treatment of 
chondral and osteochondral lesions in young 
patients, with promising results at short- to 
medium-term follow-up [62, 63]. Unfortunately, 
there is still lack of evidence regarding the out-
comes offered for the treatment of this kind of 
lesions in athletic patients. The latest evolution of 
this surgical approach provides the association 
with platelet-rich plasma or concentrated autolo-
gous bone marrow to increase its regenerative 
potential, but the results are still preliminary and 
in neither case there is any evidence on outcomes 
in the sport population [63].
Among cell-free chondral scaffolds, the grow-
ing awareness on the role of subchondral bone in 
the pathogenesis of joint degenerative processes 
has led to the development of biphasic constructs, 
designed to reproduce the different biological 
and functional characteristics of bone and carti-
lage tissues. In particular, this strategy plays an 
important role in the treatment of large lesions 
[64]. MaioRegen™ (Fin-Ceramica, Faenza, 
Italy) is a nanostructured scaffold composed of 
three layers with different percentages of type I 
Fact Box 2
The use of cell-free osteochondral scaffold 
is emerging as possible treatment options. 
Results are still not definitive, but promis-
ing outcomes have been shown in active 
and young patients, suggesting that this 
technique may represent an alternative 
treatment of carefully selected cases in 
high-demanding population with limited 
surgical options. Time to return to sport 
remains a concern.
A. Sessa et al.
pieter.orthopedie@gmail.com
631
collagen and hydroxyapatite (Fig. 46.4). After 
promising preliminary results, positive results 
have been confirmed on 27 patients up to mid- 
term follow-up [65], with a satisfactory recovery 
of their activity level, even if this remained sig-
nificantly lower than the level before the injury. 
The clinical efficacy of this approach has also 
been confirmed in different groups of patients, 
mostly active, afflicted by complex and/or large- 
sized lesions [66]. Even if controversial issues 
have been raised regarding the quality of the 
regenerated tissue [67], the procedure has been 
widely used. Besides isolated case reports on 
active patients, who experienced significant 
improvement of the clinical scores at short-term 
follow-ups [68, 69], no literature is available 
about the rate or the level of return to sports. 
However, the best overall results were observed 
in active and young patients [65], suggesting that 
this technique could represent a viable option for 
the treatment of selected cases in athletes patients.
Two other bilayer devices documented in clini-
cal literature are TruFit® (Smith & Nephew, 
Andover, MA), a bilayer scaffold made of a porous 
polymer PLGA-Ca-sulfate [44, 45], and Agili-C 
(CartiHeal 2009 Ltd., Israel), made of aragonite in 
crystalline form with hyaluronic acid on the top 
layer. Whereas the first device produced mainly 
unsatisfactory results and it is no longer available, 
only a case report has been published so far on the 
second one, reporting on a 37-year-old patient 
who returned to sports activity within the 
24 months of follow-up [64].
Finally, mesenchymal stem cells are gaining 
increasing attention for the treatment of cartilage 
lesions, but also in this case, results are still pre-
liminary. Fu et al. reported optimal results at 
7.5 years in a lateral trochlea lesion treated with 
patellar realignment, plus periosteum-covered 
PBSCs implantation in a kick boxer [70]. While 
promising results are suggested for cell-free scaf-
fold or for approaches taking advantage of the 
regenerative potential of concentrated mesenchy-
mal stem cells, more data are needed to prove 
their outcomes, in particular their ability to 
restore an optimal articular surface able to allow 
high-level athletes to return to sport.
 Conclusion
High-level athletes are at high risk of knee 
injuries, ranging from meniscal and ligament 
tears to damage of the articular surface. An 
effective surgical treatment should be aimed 
not only at repairing the defect but also at 
restoring the correct biomechanics of the 
knee, by addressing all related comorbidities, 
including instabilities and meniscal lesions.
Various techniques proposed over the years 
for the treatment of articular cartilage lesions 
have shown the ability to successfully return 
injured athletes back to sports activity, pro-
vided that surgery is followed by an early and 
intensive rehabilitation protocol, tailored on 
both patient and lesion characteristics. In 
addition, the appropriate technique must be 
carefully considered, since demands and tim-
ing for rehabilitation can vary accordingly. 
The indication for surgical treatment of carti-
lage defects in athletes requires a careful con-
sideration of all these factors.
Regenerative options claim for longer 
durability of the outcomes over time, but usu-
ally require longer time before complete 
recovery due to the tissue maturation time. 
Conversely, traditional techniques allow ear-
lier recovery of the activity, but present less 
Fig. 46.4 Implant of a cell-free osteochondral scaffold
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predictable outcomes. Thus, the indication 
should always be carefully evaluated and dis-
cussed with the patients, in order to fit their 
expectations and career perspectives. Finally, 
since literature shows only limited superiority 
of few techniques among others, the back-
ground and experience of the surgeon with the 
different procedures still remain central in the 
decision-making process.
Take-Home Message
The treatment of articular cartilage lesions is 
mainly based on the size of the chondral lesion 
defect and on the possible involvement of the sub-
chondral bone. Generally, the management of these 
defects in athletic patients is complex and multifac-
torial, ranging from conservative approach to surgi-
cal treatments and rehabilitation programs.
An effective surgical treatment should be 
aimed not only at repairing the defect but also at 
restoring the correct biomechanics of the knee, 
by addressing all related comorbidities, including 
alignment, instabilities, and meniscal lesions.
Traditional techniques, such as microfrac-
tures, allow an earlier recovery of the activity, but 
present less predictable long-term outcomes, 
while regenerative options claim for longer dura-
bility of the results over time, but usually require 
longer time before complete recovery due to the 
longer tissue maturation process.
Regardless of the selected surgical approach, 
an early and intensive rehabilitation program, tai-
lored both on the patient and lesions characteris-
tics, according to the technique performed, is key 
to reach the best outcomes.
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47.1  Introduction
Multiple ligament knee injuries constitute a com-
plex and challenging entity for the orthopedic 
surgeon not only because of the reconstruction 
procedure itself but also because of the rehabili-
tation program after the index procedure. 
Recovery after a multiligament knee reconstruc-
tion surgery typically requires 9–12 months of 
rehabilitation prior to returning to full activities. 
This time frame allows for knee homeostasis 
recovery and ligamentization of the grafts in 
order to prevent graft failures. Furthermore, a 
thorough rehabilitation protocol helps allay 
fatigue and endurance issues that can cause rein-
jury to the operative knee or the contralateral side.
A well-guided rehabilitation protocol after a 
multiligament knee reconstruction should focus 
on a staged intervention with goals for each 
stage: range of motion recovery and graft protec-
tion, muscular endurance, muscular strength, 
muscular power, and return to play. Full range of 
motion is especially vital to long-term outcomes, 
and patients should aim to obtain 0–90° of knee 
flexion within the first 2 weeks after surgery. The 
purpose of this chapter is to give a thorough over-
view of key concepts of rehabilitation after a 
multiligament knee reconstruction.
47.2  Acute Postoperative 
Management
Rehabilitation following a multiligament knee 
reconstruction is a key element of the process of 
returning a patient to their previous sport activity 
level. The rehabilitation program should be 
emphasized in providing a mechanical environ-
ment for the local adaptation and remodeling of 
the graft tissues that will enable the patient to 
J. Chahla, M.D., Ph.D. • J.A. Godin, M.D., M.B.A.  
R.F. LaPrade, M.D., Ph.D. (*) 
Steadman Philippon Research Institute—The 
Steadman Clinic, Vail, CO, USA
e-mail: drlaprade@sprivail.org 
L. O’Brien, P.T., M.Phty. (Sports), S.C.S. 




safely return to optimal levels of function. The 
acute management will vary in form and length 
depending on the associated lesions, soft tissue 
damage, and general status and demographics of 
the patient (such as BMI, age, etc.). Thus, every 
rehabilitation program should be individualized 
[1]. A structured physical therapy protocol is fun-
damental to obtaining and maintaining a satisfac-
tory result. Initial management should focus on 
supportive measures such as pain control, inflam-
mation/effusion control (cryotherapy, elevation, 
and compression), range of motion reestablish-
ment, patellar mobilization, restoring appropriate 
muscle firing patterns, and progressive gait train-
ing. Soft tissue healing involves a predictable 
series of phases (inflammation, proliferative and 
remodeling phases) that should be addressed at a 
proper time to promote physiologic healing 
responses, minimize negative changes, and facili-
tate the proliferation and alignment of collagen 
fibers [1]. The inflammatory phase occurs from 0 
to 3 days, and the primary aim is to decrease 
inflammation and manage pain. Successively, the 
repair/proliferation phase takes place between 
2 days and 3 weeks. In this phase, collagen 
stretching (that naturally tends to contract) should 
be the focus. Finally, in the remodeling/matura-
tion phase (between 3 weeks and 12 months), the 
emphasis should be placed on more aggressive 
mobilization [2].
Pharmacological pain management and alter-
native therapies such as cryotherapy or electro-
myography (EMG) biofeedback can act as 
coadjuvants to achieve early neuromuscular con-
trol postoperatively. Spencer et al. [3] reported 
that as little as 20–30 mL of effusion can retard 
the contraction of the vastus medialis oblique 
muscle. Residual stiffness is the most common 
complication after a multiligament knee recon-
struction [4], and, therefore, one of the primary 
goals of rehabilitation is restoration of full range 
of motion while protecting the grafts [5]. An 
early start to quadriceps exercises in the postop-
erative period has been reported to improve early 
ROM development [6]. Prompt ROM restoration 
will result in more effective patient participation 
in subsequent rehabilitation phases [7]. Obtaining 
extension must take precedence during the initial 
phases of rehabilitation, and progressive flexion 
should be achieved with a minimum of 90° of 
flexion goal at 2 weeks.
Patellar mobilization should be a primary ini-
tial focus of the rehabilitation, as hypomobility 
of the proximal pole of the patella can interfere 
with the extensor mechanism leading to loss of 
range of motion and a quadriceps lag [1]. 
Conversely, flexion can be affected by a dimin-
ished patellar inferior glide. The force utilized to 
produce patellar gliding should be concordant 
with the degree of inflammation present. Overly 
Fig. 47.1 Imaging 
demonstrating patellar 
mobilization exercises 
on a left knee. Of note, 
patients should receive 
manual patellar tendon, 
quadriceps tendon, and 
patellofemoral joint 
mobilization 3–4 times 
per day during the first 
6 weeks following 
surgery
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aggressive patellar mobilization in the acute 
postoperative period could exacerbate pain and 
swelling, which can contribute to loss of motion 
(Fig. 47.1).
With regard to weight bearing, to date there is 
no randomized clinical trial assessing the effec-
tiveness of early weight bearing after a multiliga-
ment knee reconstruction, and therefore protected 
weight bearing is carried out for the first 6 weeks 
after which partial weight bearing is allowed 
(Table 47.1).
47.3  Periodization
Periodization is the division of a training or reha-
bilitation program into smaller phases (periods) 
as a means of creating more manageable seg-
ments. The scientific foundation of periodization 
was first described by Hans Selye, who described 
the body’s general adaptation syndrome (GAS) 
and its three stages [8]. The first stage is the alarm 
reaction, in which the body responds to the dis-
ruption to homeostasis [9]. The second stage is 
resistance, during which the stress is relatively 
mild and advantageous [9]. The final stage is 
exhaustion, during which the stress is chronic 
and the body cannot adjust [9]. The goal of effec-
tive training is to promote increased physiologi-
cal capacities such as muscular energy stores, 
strength, and endurance. When applying these 
principles to athletic training, the goal is to alter-
nate the athlete between stages I and II within the 
GAS. Stage III is to be avoided, because the ath-
lete’s performance will likely regress, and he or 
she will be more susceptible to injury. It was 
within this context that periodization emerged as 
sport scientists and coaches aimed to divide the 
training plan into smaller, distinct phases [10]. 
Translating periodization from training to reha-
bilitation, physical therapists can utilize the same 
concepts to expedite a patient’s return to sport 
after multiligament knee reconstruction with 
therapeutic doses of stress reapplied to tissues 
following surgery in order to take the tissues first 
to the alarm stage of the GAS, with the goals of 
progressing the damaged tissue to the stage of 
resistance while simultaneously avoiding the 
stage of exhaustion [10]. In sum, periodization 
manages and optimizes overload.
Several studies have noted the benefit of peri-
odization in the rehabilitation of sport injuries 
because some form of periodization is needed for 
maximal strength gains [11]. In addition, peri-
odization may be beneficial by adding variation 
to workouts, thereby avoiding boredom or train-
ing plateaus [12–14]. Periodization can be 
accomplished by manipulating resistance, repeti-
tions, sets, exercise order, number of exercises, 
rest periods, type of contractions, and training 
frequency. There are two primary models for 
periodization—the classic or linear model and 
the nonlinear model. The linear model, devel-
oped by Leo Matveyev [15] and endorsed by 
Bompa [16], is based on changing exercise vol-
ume and load across several predictable mesocy-
cles (3–4-month periods). Nonlinear periodization 
(NLP), described by Poliquin [17], employs more 
frequent volume and load alterations to fre-
quently change stimuli and to allow the neuro-
muscular system more frequent periods of 
recovery. In addition, reverse linear periodization 
Table 47.1 Early postoperative restrictions, brace utili-




0–90 × 2 weeks then FROM
Brace Immobilizer × 6 weeks
PCL Jack brace × 6 months (if PCL is 
involved)
Weight bearing NWB × 6 weeks
FROM full range of motion, PCL posterior cruciate liga-
ment, NWB non-weight bearing





• Range of motion reestablishment
• Patellar mobilization
• Appropriate muscle firing patterns
• Progressive gait training
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(RLP) modified volume and load in reverse order: 
increasing volume and decreasing load [18].
Comparisons between linear and nonlinear 
periodization models are quite limited. Prestes 
et al. compared linear periodization (LP) and 
RLP and found that LP presented more positive 
effects on body composition and maximal 
strength [19]. On the other hand, Baker et al. 
compared the effectiveness of three periodiza-
tion models (non-periodized control, LP, NLP) 
on maximal strength and vertical jump in 22 ath-
letes performing a 12-week strengthening pro-
gram and found similar results across the three 
groups [20]. Rhea et al. compared LP, RLP, and 
NLP with equated volume and intensity for mus-
cular endurance [18]. All three models increased 
local muscular endurance, and the RLP group 
demonstrated greater endurance improvements 
than did the LP and NLP groups [18]. In the set-
ting of rehabilitation, Wong et al. compared a 
non- periodized and a periodized program for 
patellar stabilization [21]. The periodization 
group displayed greater vastus medialis oblique 
size, passive patellar stability, and knee exten-
sion force [21].
Applying these principles to a postoperative 
multiligament knee reconstruction rehabilitation 
program, muscular endurance (Table 47.2), 
strength (Table 47.3), and power (Table 47.4) 
phases can be developed based on the patient’s 
return-to-play timelines. In LP, the length of each 
phase depends on the time frame of the rehabili-
tation program but should be no shorter than 
6 weeks. With ROM restored, the treatment 
emphasis at week 8 shifts to the development of a 
muscular endurance base. A transition in training 
emphasis to the development of muscular 
strength can be made at week 15 before muscular 
power is developed at week 21. Three to four ses-
sions a week are appropriate while still providing 
adequate recovery between sessions [22]. In 
summary, the concept of periodization in strength 
training has shown promise in healthy trained 
and untrained athletes, but there is a paucity of 
data in periodization use in the rehabilitation 
setting.
47.4  Load Monitoring
In the last 15 years, the practice of sport science 
has exploded among professional and collegiate 
sport teams. The knowledge provided from this 
field has allowed coaches and medical staffs to 
gain valuable insight and quantifiable and 
actionable data on athletes’ training and game 
loads, as well as their ability to recover from 
those applied loads. Although the rehabilitation 
of athletes following injury almost always 
Table 47.2 Muscular endurance sample program
Exercise Sets + repetitions Rest (s)
Single-leg press 3 × 15 45
Static lunge hold with 
medicine ball press
3 × 60s 45
Squat progression 
(regular squat, squat into 
calf raise, squat into 
weight shift) (Fig. 47.2)
3 × 30 (10 each) 45
Single-leg dead lift 
(Fig. 47.3)
3 × 15 45
Tuck squat 3 × 60s 45
Table 47.3 Muscular strength sample program
Exercise Sets + reps Rest (s)
Single-leg press 3 × 12 90
Single-leg squat 3 × max 90
Single-leg dead lift with 
kettle bell
3 × 12 90
Reverse lunge with 
dumbbells
3 × 12 90
Tuck squat with sport cord 
resistance
3 × max 90
Table 47.4 Muscular power sample program
Exercise Sets + reps Rest (s)
Single-leg press 3 × 8 180
High-box step-up into hip 
drive (Fig. 47.4)
3 × 8 180
Double-leg high-box jump up 3 × 8 180
Olympic bar dead lift 3 × 8 180
Split jumps 3 × 8 180
Fact Box Periodization phases
 1. Muscular endurance
 2. Muscular strength
 3. Muscular power
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involves components of strength and condition-
ing in conjunction with various running pro-
grams, rehabilitation professionals have been 
slower to capture and utilize this data.
There exists a large and growing evidence 
base supporting the role of load monitoring in the 
prevention of injury. In their paper describing the 




Calf Raise Weight shift
Squat
Fig. 47.2 Squat progression sequence demonstrating (a) a regular squat starting point, (b) a regular squat end point, (c) 
a squat into calf raise, and (d) a squat into weight shift




Fig. 47.4 Picture demonstrating the (a) starting and (b) finishing position of a high-box step-up into hip drive
a b
Fig. 47.3 Image showing the (a) starting and (b) finishing position of a single-leg dead lift
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in new military recruits, Finestone and Milgrom 
[23] were one of the first to link large increases in 
training volume combined with limited recovery 
with increased injury rates. Gabbet et al. [24] 
have expanded this work and demonstrated that 
preseason training volume can be used to predict 
soft tissue injury rates in rugby league players.
This evidence base provides sound rationale 
for rehabilitation professionals to explore ways 
to monitor training volume of athletes under their 
care during the strength and conditioning and 
return to running phases of rehabilitation.
47.5  How to Measure Training 
Load
The duration and intensity of training are the pri-
mary determinants of training load. Training load 
can be further divided into “internal” and “exter-
nal” workloads. Internal workload refers to the 
athlete’s perception of effort (e.g., rate of per-
ceived exertion (RPE) or heart rate), whereas 
external workload references the quantity of 
work done by the athlete (distance run by a run-
ner, number of pitches delivered in baseball, 
etc.). While there are a number of means to mea-
sure both internal and external workload, the 
most common is the product of RPE on a 10-point 
scale and training session duration [25].
RPE × Training session duration in min-
utes = Training load unit (TLU).
In isolation, a TLU has little value. However, 
it can be used to calculate an “acute/chronic 
workload” ratio, where acute workload is the 
average daily workload of the last 7-day period 
compared to the chronic average daily workload 
over the last 28-day period.
Acute (TLU average last 7 days) : Chronic 
(TLU average last 28 days).
Murray et al. [26] were able to demonstrate that 
sharp increases in acute workload increased the risk 
of injury in both the week the workload was per-
formed and the subsequent week. Hulin et al. [27] 
demonstrated similar results in cricket players. 
Hulin et al. [28] concluded that acute workload 
spikes, acute/chronic workload ratios >1.5, placed 
rugby players at an increased injury risk.
While there is no current evidence to support 
acute/chronic workloads in the rehabilitation 
environment, it does not seem inappropriate to 
generalize these results to an injured athlete pop-
ulation. It is common practice for patients that 
have been non-weight bearing for a period of 
time to be prescribed a graduated walking pro-
gression. The evidence surrounding workload 
ratios would indicate that current best clinical 
practice would be to begin to quantify the volume 
and intensity (TLU) of exercise prescription in 
the later phases of recovery. Once baseline TLUs 
are captured and acute/chronic workloads are 
calculated for strength and conditioning sessions 
and/or running sessions, appropriate steps can be 
made to plan for exercise progression to meet the 
volume and intensity demands required to return 
to training and ultimately play without unneces-
sarily spiking the athlete’s acute workload. Doing 
so will reduce the chance of injury and allow for 
more accurate return-to-play prognosis.
47.6  Testing for Return to Play
Given the numerous variables that can interact 
and play a role in the decision to allow a patient 
to return to sport, the rehabilitation process and 
eventual return to sport should be progressive and 
tailored to the individual patient. A systematic 
review of 264 studies by Barber-Westin and 
Noyes reported that the return-to-play decision 
was based on subjective nonspecific criteria such 
as “regained full functional stability,” “normal 
knee function on clinical examination,” “satisfac-
tory stability,” or “nearly full ROM and muscle 
strength” [29]. Regarding objective criteria, time 
from surgery, muscle strength, ROM, and effu-
sion were most frequently used [29]. Here, we 
describe an objective score (the Vail Sport Test) 
to help guide the decision of return-to-play tim-
ing. In addition, patients should demonstrate 
nearly normal reported outcome scores (SANE/
IKDC <5% difference from contralateral side). 
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The development of muscle strength, power, and 
endurance can be quantified by single hop, box 
drop, quad index (Fig. 47.5), and RM testing, and 
these should meet the aforementioned cutoff 
criteria.
The decision to allow a patient to return to 
sport following reconstructive knee surgery is 
challenging for surgeons, physical trainers, ath-
letic trainers, and all other members of an ath-
letes’ treatment team. Using the above objective 
criteria to aid in quantifying and measuring a 
patient’s performance can help determine the 
readiness of an individual patient with regard to 
return to sport. Goals/criteria to progress to the 
protection/ROM phase, muscular endurance 
phase, muscular strength phase, and muscular 
power phase are detailed in Tables 47.5, 47.6, 
47.7, and 47.8, respectively.
The minimum requirements for postoperative 
bracing are that patients wear either a dynamic 
PCL brace (Ossur PCL Rebound brace) (if the 
PCL was reconstructed) or a hinged ACL brace 
(Ossur CTi) if the PCL was not reconstructed 
through the first competitive season for activities. 
In addition, for revision MLI cases, the use of an 
ACL-type brace would be recommended indefi-
nitely for sporting activities to protect their col-
lateral reconstruction grafts.





Full active ROM Equal to nonoperative 
limb—maintain
10 rep leg press Weight = 2.5 × body weight
Single-leg squat from 
10 in. for 15 reps
Avoidance of excessive trunk 
lean and knee/hip valgus
Anterior reach within 
8 cm
Compared to opposite leg





ROM range of motion, DorsaVi motion analysis sensors
Fig. 47.5 Image 
showing a dynamometer 
being applied to a left 
leg to assess the quad 
index. Of note, this 
should be compared to 
the opposite leg
Table 47.5 Progression criteria for protection/ROM 
phase
Goals/criteria to progress: 
protection/ROM phase Stipulations
Active terminal knee extension 
> = 0
Should be equal to 
unaffected side
Active knee flexion within 100 
of opposite side
Gait without assistive 
device × 20 min
Swelling within 1 cm of 
opposite knee
Measured at joint line
ROM range of motion
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47.7  Running and Speed Agility 
Program
The construction of a running and speed agility 
program is highly athlete- and sport-dependent. 
The position and sport-specific demands of the 
recovering athlete should be considered when 
constructing the program to ensure that the vol-
ume and intensity of running that the athlete is 
subjected to once they return to training and 
game play is matched to the training sessions at 
the end of the rehabilitation period.
As a general rule, running volume is pro-
gressed before intensity. While there are many 
possible means of constructing such a program, 
one possible approach include a walk/run pro-
gram over 3–6 weeks, depending upon the total 
volume required, with weekly progression of the 
walk/run ratio (see Table 47.9).
With a running progression completed, the 
conditioning emphasis shifts to addressing 
intensity. While there are a multitude of poten-
tial drills available to develop speed and agility, 
the prescription of these drills should first 
address single- plane agility with a progression 
to multiplane agility (see Tables 47.10 and 
47.11).
Table 47.7 Progression criteria for muscular strength 
phase
Goals/criteria to advance: 
muscular strength phase Stipulations
10 rep leg press Weight = 2.8 × body weight
Anterior reach within 
4 cm
Compared to opposite leg
Quad girth within 1 cm Compared to opposite leg




Dynamometer compared to 
opposite leg
DorsaVi—box drop Valgus <50
Vail Sport Test Passing score > 46/54
DorsaVi motion analysis sensors
There are a total of four components of the test that include a 
single-leg squat for 3 min, lateral bounding for 90 s, and for-
ward/backward jogging for 2 min each. After each compo-
nent, the patient is given 2.5 min to rest prior to proceeding to 
the next task. The patient is graded based upon the ability to 
demonstrate strength and muscular endurance and absorb and 
produce force all while maintaining appropriate movement 
quality at the trunk and lower extremity. The potential scores 
for the individual components are as follows: the single-leg 
squat and the lateral bounding both have a maximum award of 
15 points, and the forward and backward jogging have a max-
imum award of 12 points each for a total composite score of 
54 points.





T-Test for agility Within 90% of time for 
unaffected side
10 rep leg press Weight = 3.1 × body weight
Single-leg hop for 
distance (Fig. 47.6)




Flight time within 90% of 
unaffected side
T test This test requires the athlete to touch a series of 
cones set out in “T” shape, while DorsaVi is the motion 
analysis sensors
a b
Fig. 47.6 Picture demonstrating the (a) starting and (b) finishing position of a single-leg hop




• Multiligament knee injury prognosis has dra-
matically improved in recent years due to a 
better understanding of the pathology and 
advancements in surgical techniques and 
instruments.
• Postoperative rehabilitation is of outmost 
importance to achieve a satisfactory outcome 
following multiligament knee reconstruction.
• Stepwise rehabilitation phases (periodization) 
should be followed, including phases focusing 
on graft protection and regaining of motion, 
muscular endurance, muscular strength, and 
muscular power.
• Once a muscular strength foundation with 
good dynamic neuromuscular control has 
been established, patients can progress to their 
functional sport-specific exercises.
• It is important to define phase-specific goals 
and criteria for progression to the subsequent 
phase because a staged approach has demon-
strated improved outcomes when compared to 
a single test at the end of the rehabilitation 
program.
• Using the objective criteria outlined in this 
chapter can aid providers in assessing a 
patient’s readiness to return to sport following 
multiligament knee reconstruction.
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Dip and touch ×3
Circle around ×3
Table 47.11 Multiplane speed and agility sample
Week 2 Reps
Jump over and sprint ×3
Front/back shuffle ×3
Sprint-shuffle shuttle ×3
Table 47.9 Running progression
Walk (min) Run (min)
Week 1 4 1
Week 2 3 2
Week 3 2 3
Week 4 1 4
Week 5 – 20
Week 6 25
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48.1  Introduction
First-time patellar dislocations are frequent in 
young, athletic patients, representing the second 
most common cause of traumatic hemarthrosis of 
the knee after injuries to the anterior cruciate liga-
ment in all age groups [1] and the most common 
cause of hemarthrosis in the pediatric population 
[2, 3]. This injury frequently occurs during rota-
tional sporting activities, with the knee in a posi-
tion near terminal extension with axial load and 
valgus stress [4, 5]. Cutting and pivoting sports 
such as soccer place athletes (particularly females) 
at high risk for this injury. An analysis of high 
school epidemiology injury data in 2015 demon-
strated the incidence of patellar instability injuries 
to be 1.22 per 100,000 athletic exposures in males 
and 2.92 per 100,000 athletic exposures in females 
[6]. The rate of injuries for females in games (5.80 
per 100,000 exposures) placed soccer as the sec-
ond highest risk sport (behind gymnastics) for 
patellar instability among females [6].
First-time patellar dislocations have histori-
cally been treated nonoperatively, although the 
risk of recurrent dislocation has been reported to 
be between 13% and 70% [7]. In addition to 
recurrent instability risk, the literature also dem-
onstrates a high prevalence of persistent symp-
toms that limit activity participation and harm 
quality of life [8]. These findings have led some 
authors to recommend surgical treatment for first-
time patellar instability; however, the question of 
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operative versus nonoperative acute management 
of first-time patellar dislocations remains contro-
versial [5, 9]. While some studies have evaluated 
risk factors for recurrent instability [10–12], addi-
tional high-level studies are necessary to accu-
rately identify patients who may specifically 
benefit from early surgery following first-time 
dislocation events. Nonoperative management 
remains the standard of care for first- time patellar 
dislocations at most medical centers. Patients who 
suffer recurrent instability, those with significant 
intra-articular cartilage damage or large loose 
bodies, and other select patients may be treated 
with patellar stabilization procedures of varying 
types depending on injury, anatomy, and patient-
specific factors. Rehabilitation guidelines and 
return to activity considerations following surgi-
cal procedures are beyond the scope of this work.
The goals of this chapter are to review published 
nonoperative treatment regimens for patellar 
instability and discuss published guidelines and 
evidence-based rationale for return to soccer 
following first-time patellar dislocation.
48.2  Mechanisms of Injury
Patellofemoral joint stability is maintained by 
static and active restraints and by healthy lower 
extremity biomechanics during dynamic activ-
ity [13–19]. The patella is most vulnerable to 
translational forces during weight bearing in the 
first 20–30 degrees of knee flexion [13, 14, 20]. 
Lateral patellar dislocation injuries result from 
either direct contact with the medial aspect of 
the knee or through indirect, noncontact mecha-
nisms often related to biomechanical and/or 
anatomic factors that result in patellar lateral-
ization with respect to the trochlear groove [4]. 
The bony wall of the trochlear groove is the ulti-
mate stabilizer of the patella guarding against 
translational forces. Therefore anatomic factors 
that reduce the bony constraint between the 
patella and the trochlear groove, such as troch-
lear and/or patellar dysplasia (more shallow 
groove) or patella alta (late entry into the 
groove), increase risk of patellar dislocations 
[10, 21–24]. During dynamic activity, injuries 
a b
Fig. 48.1 Lateral plain 
radiographs of a patient 
with normal patellar 
height (a) and a patient 
with patella alta (b)
Fact Box 1 Key risk factors for recurrent 
lateral patellar dislocations
• Skeletal immaturity at the time of the 
first-time dislocation
• Atraumatic first-time dislocation
• Family history of recurrent instability
• Ligamentous laxity
• Patella alta (Fig. 48.1)
• Trochlear dysplasia (Fig. 48.2)
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are thought to occur due to abnormal biome-
chanical forces placed on medial patella 
restraints, which often occur during cutting and 
pivoting activities, such as soccer. This at-risk 
position places high strain on medial restraints 
of the patella and occurs when the foot is planted 
on the ground, with the knee in 20–30° of flex-
ion and in a dynamic valgus position, which 
results, in part, from simultaneous femoral 
internal and tibial external rotation often 
observed during cut and pivot maneuvers [25–
29]. Injury occurs within this mechanism in 
over 90% of the cases [30]. Factors associated 
with altered knee loading and increase risk of 
patellar instability include proximal (altered 
trunk, pelvis, hip kinematics, and muscle activa-
tion/strength deficits) and distal (excessive sub-
talar joint pronation) factors. It is thought that 
these factors should be considered in rehabilita-
tion following first-time dislocation to reduce 
risk of subsequent dislocations.
48.3  Biology of Healing
Recent years have seen increased scrutiny and 
improved understanding of the medial soft tissue 
restraints to lateral patellar dislocation, specifi-
cally the medial patellofemoral ligament (MPFL) 
[31, 32]. The MPFL extends from a point on the 
femur between the adductor tubercle and the 
medial epicondyle to the proximal two-thirds of 
the medial border of the patella and distal quadri-
ceps tendon [33]. The MPFL provides 50–60% of 
the resisting force to lateral patellar dislocation—
particularly with the knee near extension [32, 
34]. During the first 20–30° of knee flexion, the 
MPFL is a primary restraint against patella later-
alization and helps guide the patella into the 
trochlear groove [13, 14, 20, 23, 35]. The MPFL 
is ruptured in 94–100% of cases of acute patellar 
dislocation [36].
There is a lack of research into healing of the 
MPFL following first-time patellar dislocation. It 
remains unclear whether truly anatomical, func-
tional healing of the MPFL ever occurs in the 
majority of cases; however, it is prudent for reha-
bilitation programs to respect the time required to 
heal medial structures to the extent that they can 
heal. No studies specific to the cellular and 
molecular basis of MPFL healing have been per-
formed; however, given the extra-articular nature 
of the ligament, insight into its healing can likely 
be gleaned from review of the large body of work 
evaluating healing of the medial collateral liga-
ment (MCL).
Animal models evaluating MCL injury have 
found that the ligament undergoes distinct phases 
during healing: hemorrhage, inflammation, repair 
(matrix and cellular proliferation), and remodel-
ing and maturation [37, 38]. During the remodel-
ing phase, the ligaments gradually return to a 
near-normal state, but some differences persist 
including decreased strength and viscoelasticity 
[37]. Variables that impact healing appear to be 
the size of ligamentous disruption, location of 
injury, and relative motion [37, 39, 40]. In order 
to apply data from MCL healing to the MPFL, 
one must consider the impact of lesion location 
and early immobilization which can influence 
healing and subsequent outcome following 
MPFL injury.
a bFig. 48.2 Axial T2 
MRI slice of a patient 
with a normal trochlea 
(a) and a patient with 
trochlear dysplasia (b)
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Studies of acute MPFL injury often classify 
tear locations as femoral origin, mid-substance, 
patellar insertion, or diffuse injuries. Sillanpaa 
and Maenpaa [41] identified injury location of 
the MPFL as femoral in 34% of cases, patellar in 
54% of cases, and mid-substance in 12% of 
cases. In a pediatric population, a patella-based 
injury isolated or as a part of a multifocal injury 
was present on MRI in 95% of first-time patellar 
dislocations aged <15 years [35]. In a separate 
study, Sillanpaa et al. [42] found that avulsion 
from the femoral origin was associated with 
increased risk of recurrent instability.
Historically, immobilization was believed to be 
necessary to protect ligaments from stress while 
healing [43, 44]; however, more recent basic sci-
ence work has cast doubt on the utility of immobi-
lization in promoting healing. Immobilization 
results in less organized collagen, decreased bio-
mechanical ligament strength, and worse knee 
biomechanics [38]. Improved understanding of the 
consequences of immobilization has driven con-
temporary rehabilitation protocols to encourage 
immediate range-of- motion exercises and early 
weight bearing as pain and effusion allow [45]. 
Although definitive data are lacking regarding the 
influence of bracing on risk of recurrent instability, 
many clinicians utilize a lateral buttress brace in 
the early post-injury period to ease patient appre-
hension and re-dislocation risk. The impact of 
early bracing on MPFL healing is unknown.
48.4  Nonsurgical Management 
of Acute Patellar Dislocation
Although nonoperative management is the most 
common treatment for first-time patellar disloca-
tion, very little data exist to define an optimal 
rehabilitation protocol. Most published rehabilita-
tion protocols do share aims, but methods for their 
achievement vary greatly. Many protocols begin 
with the goals of minimizing effusion, limiting 
pain, and restoring range of motion. The ultimate 
goals are to minimize recurrence and restore func-
tion, but the literature does not clearly demon-
strate the best method to accomplish these goals. 
There are relatively few studies that compare type 
or duration of immobilization, investigate the 
impact of bracing, or compare specific rehabilita-
tion protocols. In addition, literature of current 
nonoperative outcomes should include detail of 
known risk factors [21, 46], in particular appropri-
ate imaging risk factors for proper patient stratifi-
cation. This is necessary to create meaningful 
clinical algorithms.
48.4.1  Immobilization
Variability exists among studies regarding the 
technique and duration of initial immobilization. 
The immobilization period has been reported to 
range from 0 to 6 weeks and has included splint-
ing, bracing, and cylinder casting among other 
techniques. Most of the literature suggests that 
immobilization time does not influence recur-
rence risk. Cofield and Bryan reported on 48 acute 
patellar dislocations with a minimum of 5-year 
follow-up and found no identifiable difference 
between those not immobilized and those immo-
bilized up to 6 weeks [47]. Similarly, Larsen and 
Lauridsen treated 79 acute patellar dislocations 
with either elastic bandage or plaster cast and 
noted clinical outcome and recurrent dislocation 
were similar in both groups [48]. A more recent 
trial randomized 18 patients with first-time dislo-
cation to taping vs. casting for 6 weeks followed 
by intense rehabilitation in both groups and found 
greater activity level as judged by Lysholm score 
in the taped group 5 years after index injury but no 
re-dislocations [49].
In regard to the degree of knee motion allowed 
in the early post-injury phase, one must consider 
the goal of immobilization. If the goal of immo-
bilization is to help the MPFL heal in its most 
favorable (shortened) length, then it would logi-
cally follow that full extension be avoided. The 
MPFL is in its most lengthened position when the 
knee is fully extended with the quadriceps mus-
cle activated, as this is when the patella is in its 
most cephalad position. Knee flexion resists the 
quadriceps’ cephalad pull on the patella and helps 
to stabilize the patella within the bony restraint of 
the trochlear groove, giving the soft tissue a less 
stressful healing environment.
R.A. Magnussen et al.
pieter.orthopedie@gmail.com
653
48.4.2  Rehabilitation Considerations 
and Functional Progression
48.4.2.1  Overall Considerations
An individualized plan of care that considers the 
individual’s unique characteristics, such as ana-
tomic alignment, skeletal age, injury history, and 
severity of impairments, within the context of 
their injury will optimize outcomes. Beyond 
physical characteristics, consideration of psycho-
social attributes, such as motivation/self-efficacy, 
fear avoidance, or kinesiophobia, in the rehabili-
tation plan of care will foster a comprehensive 
approach and maximize outcomes. Specific inter-
ventions and the pace of progression will be 
guided by the severity of impairments and func-
tional limitations, as well as by the patient’s 
goals. For athletes returning to soccer in season, 
communication with other healthcare providers, 
as well as coaching staff members, will ensure 
collaboration with the plan of care.
The overall goals of rehabilitation are to pro-
tect injured tissues and promote healing, maxi-
mize function and return to sport, minimize risk 
of recurrence, and preserve long-term joint integ-
rity [50]. It should be noted that re-dislocation or 
recurrent instability can persist in up to 50% of 
individuals following the primary injury event, 
particularly in young individuals. Surgical deci-
sions following recurrent lateral dislocations are 
beyond the scope of this review. However, a recent 
Cochrane review [7] comparing surgical to non-
operative intervention for patellar dislocations 
concludes, “There is insufficient high quality evi-
dence to confirm any significant difference in out-
come between surgical or non-surgical initial 
management of people following primary patel-
lar dislocation, and none examining this compari-
son in people with recurrent patellar dislocation. 
Adequately powered randomized, multi-centre 
controlled trials, conducted and reported to con-
temporary standards are recommended.”
A comprehensive plan of care that considers 
time-based and criterion-based functional progres-
sion as well as addresses impairments that contrib-
uted to the initial injury event will foster successful 
physical therapy management for both the first-
time and recurrent patellar dislocation patient. 
This approach will ensure adequate tissue healing 
and promote accommodation by the injured tis-
sues to the forces and loads associated with soccer-
specific activities [50]. The plan of care will be 
guided by a comprehensive history and clinical 
examination to appropriately gauge severity of 
impairments and functional limitations.
Following an acute patellar dislocation, sev-
eral hallmark impairments are observed that 
should be considered throughout the rehabilita-
tion plan of care. Initially, the dramatic hemar-
throsis creates a significant shutdown of the 
quadriceps femoris (QF) muscles. The QF mus-
cles are a prime mover and dynamic stabilizer of 
the tibiofemoral and patellofemoral joints. With 
weakness, dysfunction, and inhibition of the QF 
muscles, it is logical that the knee is more vulner-
able to recurrent injury; therefore, re-training of 
QF activation and strength should be employed 
early in the plan of care and throughout the reha-
bilitation program. In addition to volitional exer-
cise, consideration of neuromuscular electrical 
stimulation to facilitate QF activation and 
strength particularly during the early phases of 
rehabilitation has been shown successful in other 
similar patient populations [51–53].
Another point of concern following lateral 
patellar dislocation, particularly in instances of 
noncontact injury, is faulty kinematics or altered 
joint biomechanics that contribute to increased 
lateral patellar translation. As discussed above, 
altered lower extremity kinematics that result in a 
dynamic valgus position put increased strain on 
medial knee joint structures. Addressing these 
altered kinematic patterns and the contributing 
factors (such as poor gluteal activation or strength 
and poor positional control of the femur) during 
weight-bearing tasks should be addressed early 
and throughout the plan of care to reduce risk of 
recurring lateral subluxation.
48.4.2.2  Considerations for  
the Acute Phase
During the acute phase of rehabilitation, protect-
ing the injured tissues is a primary goal. A knee 
immobilizer may be given as an ambulatory aide 
for convenience, rather than for evidence-based 
reasoning. In order to allow for active knee 
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motion and protect the knee, most often crutches 
are utilized after an acute PF dislocation with a 
large effusion until a reasonable gait pattern is 
achieved. A lateral patellar buttress utilizing a 
knee sleeve or taping is also common.
Resolution of impairments associated with the 
injury, such as pain, effusion, and decreased joint 
range of motion, is a goal of the phase in prepara-
tion toward more functional activities. There 
should be an emphasis on the restoration of QF 
muscle activation and strength through volitional 
exercise as well as neuromuscular electrical stim-
ulation, if appropriate. Rehabilitation interven-
tions that promote appropriate movement 
patterns, joint loading, and lower extremity neu-
romuscular control should be initiated during this 
phase. Beyond the restoration of the local impair-
ments directly associated with the injury, other 
deficiencies should be considered and begin to be 
addressed, such as gluteal weakness and poor 
activation, poor core strength, hamstring tight-
ness, or limited ankle dorsiflexion, to name a few 
[54, 55]. By the end of the initial phase, it is 
expected that the patient will have met the fol-
lowing criteria: minimal pain, minimal effusion 
and no reactive effusion, normalized knee range 
of motion, volitional QF control to perform a 
straight leg raise with no lag, demonstrate sym-
metrical weight bearing during double limb 
stance, and normal walking mechanics without 
an assistive device, if appropriate [50].
48.4.2.3  Considerations 
for the Intermediate Phase
The intermediate phase of rehabilitation focuses 
on strengthening and neuromuscular develop-
ment. Interventions during this phase should 
progress lower extremity and core muscle 
strength, activation, and endurance through open/
closed-chain progressive resistive exercise and 
functional strengthening. Interventions should 
promote appropriate knee joint loading strategies 
by progressing neuromuscular control activities 
that facilitate appropriate and uncompensated 
movement patterns and lower extremity mechan-
ics. By the end of the intermediate phase, it is 
expected that patient will have met the following 
criteria: QF strength >80% of the uninvolved 
side, good core and lower extremity muscle 
strength (at least a 4/5 by manual muscle testing), 
and demonstrate functional movement with 
appropriate mechanics and joint loading strate-
gies [50].
48.4.2.4  Considerations 
for the Advanced Phase
The advanced phase of rehabilitation will focus 
on functional progression toward return to soccer 
and restore the ability of the patient to return to 
pre-injury playing levels. Activities in this phase 
continue to focus on appropriate joint loading 
and lower extremity neuromuscular control 
through progressive core and lower extremity 
functional strengthening as well as initiation and 
progression of jogging/running and plyometric 
activities. Specific attention must be paid to not 
only the movement patterns and postures demon-
strated with specific therapy exercises and activi-
ties but also the patterns of muscular activation 
used to achieve the task. This is critical, as dys-
functional gluteal muscle activation and/or 
recruitment is common in patients with patello-
femoral pain [56, 57] and is likely in this patient 
population, although this has not been studied. 
Therapeutic activities should include double- and 
single-leg activities, single- and multiple-plane 
activities, as well as soccer- and position-specific 
activities.
The decision to reintegrate into soccer activi-
ties and return to play is collaborative with other 
members of the healthcare team and is based on 
objective criteria. Considerations should include 
impairment-level deficits, such as pain, effusion, 
range of motion, strength (Fig. 48.3), quality of 
movement assessment (Fig. 48.4), performance- 
based measures of function, and patient-reported 
measures of function (assessing knee-related 
function and psychosocial readiness) 
(Table 48.1). It is recommended that patients 
achieve the specific objective criteria outlined in 
Fact Box 2 for return to play decision-making. A 
progressive reintegration into sport participation 
should be considered to minimize risk of subse-
quent injury and continue to maximize the ath-
lete’s knee-related confidence. Initial return to 
play involves participation in noncontact drills 
and conditioning activities, progressing toward 
participation in contact drills and practice, and 
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finally progression to scrimmage and competitive 
game play [59]. Through each transition, modifi-
cations to the time of participation and the effort/
demand of participation (i.e., 50% effort or speed 
progressing to full effort/speed) are considered 
for successful transition to unrestricted sport par-
ticipation [59].
48.4.2.5  Additional Considerations
Additional treatment considerations are listed in 
Table 48.2. The challenge and complexity of 
therapy tasks should be elevated as the patient 
demonstrates appropriate mastery of founda-
tional components. Core, hip, and quadriceps 
strength and endurance exercises should be intro-
duced early and are the base upon which other 
activities build. Low-impact cardiovascular con-
ditioning may be initiated once a baseline of ade-
quate strength and neuromuscular control with 
closed kinetic chain activities is demonstrated. 
Regaining muscular strength, building muscular 
endurance, and restoring appropriate joint load-
ing strategies and good quality of movement are 
a focus throughout rehabilitation. Continued pain 
and/or effusion will dictate activity progressions 
and may warrant referral to referring physician.
Fig. 48.3 Handheld dynamometry measures for hip abductors (left), hip extensors (center), and knee extensors (right)
Fig. 48.4 Lateral 
step-down test [58]. 
Left: Performance 
demonstrates increased 
trunk movement, pelvis 
out of plane, and valgus 
knee position indicating 




appropriate arm, trunk, 
pelvis, knee movement 
patterns, and steady 
unilateral stance for 
good quality of 
movement
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Modified stroke test [60]
Range of motion Goniometry
Strength/
endurance
Dynamometer assessment (hip and 
thigh [61]) (Fig. 48.3)1-repetition 
maximum test [61] (hip and thigh)
Functional endurance tests (core)
Quality of 
movement
Step-down test [58] (Fig. 48.4)
Single-leg squat test (Fig. 48.5)
Performance-
based function
Dynamic balance tests (e.g., Y 
Balance Test [62, 63])
Single-leg hop tests




Knee-specific instrument (e.g., 
IKDC Subjective Form, KOOS)
Psychosocial readiness 
instrument
NPRS Numeric Pain Rating Scale, IKDC International 
Knee Documentation Committee, KOOS Knee Injury and 
Osteoarthritis Outcome Score
Fact Box 2 Considerations for return to sport 
decision-making after lateral patella 
dislocation
ISAKOS guidelines [64]:
• No complaints of pain or knee 
instability.
• Full range of motion/no new effusion.
• Test for core strength and endurance.
• Test for dynamic balance activities (e.g., 
Y Balance Test).
• LSI >85% on single-leg hop tests (+) 
pivoting/jumping sports.
• Adequate performance in physical ther-
apy with sport-specific drills (simulate 
the intensity and body movement pat-
terns of the athlete’s given sport/
activity).
• Athlete demonstrates psychological 
readiness.
Additional considerations [59]:
• QF strength that is 90% of the unin-
volved (LSI ≥90%).
• Hip and other relevant lower extremity 
muscle strength that is 85–90% of the 
uninvolved (LSI = 85–90%).
• Demonstrate appropriate joint loading 
strategies and good quality of move-
ment during neuromuscular control 
activities and sport-specific activities.
• Score of 85–90 on knee-related patient- 
reported outcome measure (e.g., IKDC 
Subjective Form or KOOS).
Abbreviations: LSI, limb symmetry 
index; QF, quadriceps femoris muscles; 
IKDC, International Knee Documentation 
Committee; KOOS, Knee injury and 
Osteoarthritis Outcome Score
Table 48.2 Additional rehabilitation considerations
Component
Patellar stability maintained
  – Taping, bracing
Adequate early isolated quadriceps muscle activation
  – No pattern of hamstring/quadriceps co-contraction
Progression of QF strength with objective assessment 
throughout plan of care (see Table 48.1)
Restoration of normal gait pattern and speed (attention 
to sagittal plane knee control with loading response, 
frontal plane hip control)
Progression of gluteal muscle strength/activation
  – Repetitions to failure with leg lifting activities
  – Dynamometry
Core stability progressions
Postural limb stability/proprioceptive control
Demonstration of appropriate joint loading and good 
quality of movement (Table 48.1, Figs. 48.4 and 48.5)
  – Focus on eccentric sagittal and frontal plane 
control of trunk, hips, and knee
  – Appropriate technique with soccer- and position- 
specific activities
Increasing exercise intensity (per control and 
symptoms)
  – Increased external load (strength, power)
  – Increased speed of movement (agility, power)
  – Increased duration/repetitions (endurance)
  – Increased task complexity and directional 
challenge (coordination)
Soccer- and position-specific training
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Fig. 48.5 Performance of single-leg squat test with 
appropriate mechanics (top) and with poor mechanics 
(bottom). Note decreased knee excursion and increased 
trunk excursion (bottom left) and increased trunk motion 
and knee valgus motion (bottom right)




Nonoperative management remains that standard 
of care for first-time patellar dislocations at most 
centers. Specific treatment protocols continue to 
be highly individualized and vary based on patient 
factors as well as surgeon and therapist prefer-
ences. A comprehensive plan of care, which con-
siders time-based and criterion-based functional 
progression as well as addresses impairments that 
contributed to the initial injury event, will foster 
successful physical therapy management. It is not 
clear whether there is any benefit from joint 
immobilization or restriction of joint motion.
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49.1  Introduction
Distal quadriceps tendon rupture and patellar ten-
don rupture are relatively rare injuries most often 
reported in middle-aged or older persons [1].
A degenerative weakness of the tendon has 
been postulated as precondition for quadriceps or 
patellar tendon rupture [2].
Kannus and Józsa showed degenerative changes 
in 865 of 891 (97%) spontaneous tendon ruptures, 
while degenerative changes were seen in only 149 
of 445 patients in a control group (34%) [2].
Predisposing factors for quadriceps tendon 
ruptures are different medications like anabolic 
steroids, statins, and corticosteroids locally 
injected and for systemic use [3]. Systemic dis-
eases can also predispose to quadriceps or patel-
lar tendon rupture like renal disease, 
hyperparathyroidism, diabetes mellitus, rheuma-
toid arthritis, systemic lupus erythematosus, 
gout, obesity, and various infections [4, 5].
Kuechle et al. reported on six patellar tendon 
ruptures in five active athletes which were treated 
during a 10-year period [6]. These ruptures 
occurred during sporting activity and without any 
previous signs of degenerative or other concomi-
tant diseases. During the same period, 135 patel-
lar tendon ruptures all caused by non-sport 
injuries were treated.
Four of the five patients played basketball and 
one softball when the rupture happened. Three 
athletes had signs of proximal patellar tendon 
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tendinopathy, and one had received three cortico-
steroids injections to the proximal patellar 
tendon.
There are no scientific information regarding 
incidence of quadriceps or patellar tendon rup-
tures in football. Boublik et al. analyzed 24 patel-
lar tendon ruptures in 22 NFL players and 14 
quadriceps tendon ruptures in 14 NFL players 
from 1994 to 2004 [7]. The most often encoun-
tered injury mechanism of quadriceps or patellar 
tendon rupture was eccentric overload on a flexed 
knee [7]. The following injury patterns were also 
observed in their study: 9/22 patellar tendon rup-
tures occurred after deceleration while running or 
jumping, 7/22 during an unspecified overload 
event, 4/22 while blocking another player, 1/22 
player was tackled, and 3/22 sustained a direct 
blow to the knee [7].
Although quadriceps tendon rupture is a rare 
injury in football, chronic tendinopathies of the 
patellar tendon or less frequently of quadriceps 
tendon are common injuries in football players.
Acute quadriceps or patellar tendon ruptures 
are rare injuries in young athletes following 
degenerative changes in.
Hagglund et al. performed a longitudinal 
study, where they followed 51 European elite 
soccer clubs (2229 players) between 2001 and 
2009 for incidence of patellar tendinopathy [8]. 
During the study period, 137 patella tendinopa-
thies were reported, accounting for 1.5% of total 
injuries with an incidence of 0.12 injuries/1000 h. 
Each season, 2.4% of all players were affected.
Although patellar tendinopathy is frequently 
mentioned as potential reason for patellar tendon 
rupture, only two acute-onset partial ruptures and 
no complete rupture were identified during the 
whole study period [8]. The authors concluded 
that these injuries are rare in elite football play-
ers. One reason for these injuries being rare could 
be adequate treatment of early symptoms of 
patellar tendinopathy [8].
Although more than half of complete ruptures 
occur without any prior warning signals, in nearly 
all patients, degenerative tendon changes are 
found [2].
Histological studies have shown degeneration 
(mucoid, hyaline) fibrinoid necrosis or pseudo-
cyst change [9, 10].
Currently there is no evidence for acute 
inflammation [9].
49.2  Tendon Healing
Information about tendon healing is mainly from 
animal studies. There is, however, limited infor-
mation about tendon healing processes in degen-
erative tendons.
The healing process occurs in typical three 
phases:
49.2.1  Inflammatory Phase
Rupture of the tendon induces a hematoma which 
activates several chemotactic factors and proin-
flammatory molecules. Erythrocytes, platelets, 
neutrophils, monocytes, and macrophages 
migrate to the ruptured area, and fibroblasts start 
the synthesis of various components of the extra-
cellular matrix. Chemotactic and vasoactive fac-
tors are released following increased vascular 
permeability activating angiogenesis and teno-
cytes proliferation. Tenocytes migrate then to the 
rupture, and type III collagen synthesis is initi-
ated. This phase lasts for up to 5 days [11, 12].
49.2.2  Regenerative Phase
After approximately 5 days, the regenerative 
phase starts. During this period, type III collagen 
synthesis is continued. Glycosaminoglycan con-
centration and water content remain high. This 
phase lasts up to 6 weeks.
49.2.3  Remodeling Phase
The remodeling phase starts after approximately 
6 weeks with decreased cellularity, collagen, and 
glycosaminoglycan synthesis. The remodeling 
phase can be divided in two parts: consolidation 
and maturation phases.
The consolidation stage takes place between 
6th and 10th week. During this period, the repair 
tissue transforms from cellular to fibrous, and 
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tenocyte metabolism remains high. Tenocytes 
and collagen fibers follow the direction of stress 
and become aligned [13].
During this period, the type I collagen synthe-
sis is induced and type III collagen is converted 
to type I collagen.
After 10 weeks, the maturation phase begins 
transforming fibrous tissue to scar-like tendon 
tissue [12]. This process takes up to 1 year. 
During the second part of this period, both teno-
cyte metabolism and tendon vascularity decline 
[14]. Proliferation and migration of tenoblasts 
initiate the repair process (Table 49.1).
49.3  Limitations of Healing
In animal studies, the healed tendons do not match 
the structural properties of intact tendons. For 
example, the spontaneously healed transected sheep 
Achilles tendons showed tensile strength of 56.7% 
of intact tendons 1 year after rupture [15] (Fig. 49.1).
This could be related to postoperative immo-
bilization and emphasizes the need for early 
mobilization and adapted strain during rehabilita-
tion phase (Fig. 49.2).
Palmes et al. investigated the effect of immobili-
zation of tendon healing in an animal model. These 
authors showed that postoperative mobilization 
resulted in a more rapid restoration of load to failure 
in comparison with an immobilization group [18].
After 35 days, the mobilized tendons showed 
equal load to failure compared with the intact 
tendons.
The immobilized tendon group did not reach a 
normal load to failure, even after 16 weeks.
After 16 weeks, the mobilized tendon group 
even regained their original stiffness, whereas the 
immobilized tendons reached half the amount of 
stiffness in the same periods of time [18].
Table 49.1 The three phases of tendon healing







2. (5 days to 6 weeks) Regenerative phase Type III collagen 
synthesis
High water content and 
glycosaminoglycan 
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Fig. 49.1 Stress-strain diagram demonstrating the struc-






























Fig. 49.2 A schematic describing the influence of activ-
ity level on the structural properties of tendons and liga-
ments [17]
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Other animal studies have confirmed these 
results and showed 80–90% restoration of load to 
failure in ruptured tendons after 12 weeks.
These results from studies in animal models 
can be transferred into clinical practice for a 
stage-adapted rehabilitation protocol.
49.4  Rehabilitation Protocol
The goal of an optimized rehabilitation is an indi-
vidualized compromise between protection of the 
acutely repaired tendon and prevention of side 
effects following immobilization, weight-bearing 
restriction, and general inactivity.
The repaired quadriceps or patellar tendons 
need protection in the early healing period.
Therefore, the rehabilitation protocol can be 
divided in two parts:
 1. Early rehabilitation phase: The primary goal 
of early rehabilitation is protection of the 
repair, taking into consideration the primary 
stability of the fixation before tendon healing. 
This rehabilitation phase is during the inflam-
matory and regenerative phases of tendon 
healing (1 day to 6 weeks, postoperatively).
 2. The late rehabilitation phase starts approxi-
mately 6 weeks after repair during the remod-
eling phase. During this period, the tendon 
heals by scar tissue, and the produced colla-
gen fibers must get loaded to induce the 
remodeling to strong tendon fibers [18, 19]. 
The second goal of the late rehabilitation 
phase is to address side effects like muscle 
hypotrophy and deficits in proprioception, 
neuromuscular control, balance, and psycho-
logical factors like kinesophobia.
The primary stability of quadriceps or patellar 
tendon repairs at time zero has been analyzed in 
biomechanical cadaver studies. A maximum load 
of approximately 300–800 N depending on the 
repair technique and rupture configuration was 
measured [20, 21].
A typical rehabilitation protocol of quadriceps 
or patellar tendon repair consists of an immobili-
zation in straight-leg brace for 2 weeks followed 
by a restricted active flexion using a movable 
brace 2 weeks 0°–0°–30°, 2 weeks 0°–0°–60°, 
and 2 weeks 0°–0°–90°. The patients partially 
weight-bear during at least 6 weeks. After 
6 weeks, weight-bearing is slowly increased to 
full weight-bearing after 8–10 weeks.
Other researchers in previous studies recommend 
a decelerated rehabilitation protocol and immobilize 
the knee for 4–6 weeks in extension followed by 
slow increase of range of motion [6, 22, 23].
Marder and Timmerman reported favorable 
results after accelerated rehabilitation protocol 
[24]. The patients were allowed to do active flex-
ion to 45° and passive extension to 0° within 
1–2 days of surgery.
In conclusion, the rehabilitation includes restric-
tion of weight-bearing, active extension, ROM, and 
general activity for at least several weeks.
The rehabilitation program should start with 
isometric muscle exercises and should progress 
to eccentric training with increasing resistance 
and weights.
Besides strength rehabilitation, propriocep-
tion and neuromuscular training is important.
49.5  Return-to-Sport  
Criteria (Fig. 49.3)
The risk factors after quadriceps or patellar ten-
don rupture are twofold.
On the one hand is the compromised tissue 
strength of the tendon after repair and remodel-
ing with higher risk of rerupture and on the other 
hand the deficits in muscle strength, propriocep-
tion, and neuromuscular control after activity 
restriction during rehabilitation.
Fact Box 1
Rehabilitation should be adapted to the 
biological healing process of the tendon. It 
can be divided in early and late rehabilita-
tion phase.
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The time period of healing and remodeling is 
not yet sufficiently analyzed, but there is some 
evidence in animal studies that after 12 weeks a 
stable scar for advanced loading of the tendon 
has developed [18, 19].
After 6 weeks, slow increase to full weight- 
bearing is recommended and full weight-bearing 
after 8 weeks.
Although there is no knowledge about the 
remodeling time in human tendons, a nearly full 
loading capacity of the repaired tendon after 4 to 
6 months is realistic [18, 19].
Postulating a regular tendon healing, a full load-
ing in sport activity of the tendon after 6–8 months 
appears to be possible although a remodeling pro-
cess up to 1 year after rupture can be expected.
The second important criteria for a safe back- 
to- sport decision are the general deficits in terms 
of muscle strength and proprioception of the 
lower limbs resulting from injury.
The deficits are the same as seen after knee 
ligament injury and ligament reconstruction 
(ACL, PCL, etc.):
 – Muscle strength
 – Proprioception
 – Neuromuscular control
 – Core stability
49.6  Return-to-Sport Test
Synonymous to other injuries of the lower 
extremity like ACL rupture, time-related criteria 
for RTP are not recommended.
The healing process of the ruptured tendon is 
time depended. Therefor increasing weight-bearing 
after 6 weeks following regular tendon healing pro-
cess is supposed to be save. During the next 6 weeks, 
an increasing loading of the tendon can be done.
Fact Box 2
After regular healing process, return to play 
after 6–8 months appears to be possible, but 

















Back to sports test
Muscle force ROM Proprioception Neuro mascular control Psychological stability
Testing
for...
Fig. 49.3 Flowchart showing deficits after tendon rupture and repair and goals of rehabilitation protocols
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The tendon healing process should be moni-
tored by routine clinical investigations.
Muscle strength analysis is an important part 
of functional evaluation and is important for the 
decision-making process for RTP.
Muscle strength analysis using an isokinetic 
measurement is desirable. A test battery like the 
one presented by Herbst and Hildebrandt et al. 
can be used to measure muscle deficits [25, 26] 
(see Chap. 8).
Besides deficits in muscles and strength and 
neuromuscular control, proprioceptive deficits 
generally follow after quadriceps or patellar ten-
don rupture.
The importance of these deficits for RTP 
decision- making is comparable with ACL rup-
tures. Moreover, there is a logical connection to 
the risk for reinjuries after ACL rupture and 
rehabilitation.
Therefore, a testing battery with analysis of 
neuromuscular and proprioceptive function is 
recommended before the patients’ return to high- 
level sport activities like cutting maneuvers and 
pivoting sports. Testing batteries developed and 
validated for ACL rupture can be used [25, 26] 
(see Chap. 8).
49.7  Return to Play and Clinical 
Results After Patellar Tendon 
Rupture
Boublik et al. analyzed 24 patellar tendon rup-
tures in NFL players and reported that one player 
returned to play after partial patellar tendon rup-
ture missing 12 weeks and another player with a 
complete tear returned to play after 28 weeks. All 
other players missed the upcoming or current 
season [7].
However, in this study, almost 80% of players 
returned to their previous level of activity.
More than 50% of the players did not show 
any patellar tendon symptoms upon return to play 
and no signs of previous tendinopathy either [7].
Kuechle et al. report in collective study of six 
patellar tendon ruptures in athletes, who were 
operated on an average of 2.5 days after the 
injury, good results.
At final follow-up, no patient suffered any 
knee-related complaints, and all return to previ-
ous level of sport activity at an average of 
18 months [6].
There were no differences in terms of range of 
motion or muscular strength compared with the 
uninjured side.
The rehabilitation protocol included a 6-week 
plaster cast immobilization and partial weight- 
bearing. During this period, the patients were 
allowed to perform isometric quadriceps muscle 
strengthening. After 6 weeks, they started pro-
gressive resistance quadriceps muscle 
strengthening.
The patients were allowed to perform cutting 
and pivoting sports at 6 months after surgery.
49.8  Return to Play and Clinical 
Results After Quadriceps 
Tendon Rupture
Boublik et al. in a case study on NFL (National 
Football League) players between 1994 and 2004 
found 14 quadriceps tendon ruptures in this group 
[27]. Eleven players suffered total quadriceps 
tendon rupture while three players suffered from 
a partial tendon rupture. All patients got surgical 
treatment with tendon suture. Fifty percent of the 
players returned to play in regular season NFL 
games.
De Baere et al. present a study with a mean fol-
low-up of 75 months after quadriceps rupture and 
repair. The collective of non-sportive patients with a 
mean age of 58 years presented consistently a quad-
riceps muscle atrophy. Twelve of 24 patients had 
normal knee mobility. Three had a flexion deformity 
of 10°, and two showed a flexion deficit less than 
120° [28]. The active knee extension did not show 
any deficit. Three patients reported about instability 
of their knee joint. But all patients were subjectively 
Fact Box 3
Quadriceps tendon and patellar tendon rup-
tures in athletes show in literature a high 
rate of RTP with 80%.
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satisfied with the operative result after 75 months. 
Some patients have been tested with Cybex tests for 
isokinetic forces and showed approximately a con-
centric force deficit of 30% for quadriceps muscle 
and for flexor muscles. The detected deficit of eccen-
tric force was approximately 13% for extensor mus-
cles and 7% for flexor muscles [28].
Take-Home Message
Tendon healing after quadriceps or patellar ten-
don rupture takes place in three phases: inflam-
mation, proliferation, and remodeling.
The rehabilitation protocol should be adapted 
to these phases concerning tendon loading, 
weight-bearing, and patients’ mobilization.
There is low evidence about RTP after quadri-
ceps or patellar tendon rupture, but single studies 
show a high RTP rate of 80% after 6 months.
Performing of a RTP test is highly recom-
mended to analyze functional deficits during 
rehabilitation process.
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50.1  Evolution of Baseline Testing
Baseline neurocognitive testing was implemented 
by Barth and colleagues in the late 1980s [1], in 
what has been called the landmark “Virginia 
football study.” This was the first multi-site study 
in which college athletes were tested prior to the 
athletic season, and serially following a concus-
sion, while matched with a non-concussed athlete 
from the same cohort. Baseline and post-concus-
sion tests were administered using pencil-and-
paper (PnP) measures, requiring significant time 
and resources in the form of trained personnel. 
This model, or the “Sports as a Laboratory 
Assessment Model” (or SLAM) [2], was soon 
adopted by colleges [3, 4] and professional sports 
leagues [5, 6] (Fig. 50.1).
Along with the increased focus on player 
safety and use of neuropsychological test mea-
sures to supplement clinical evaluation of players 
with suspected concussions, there was similar 
growth in the use of personal computers in the 
1980s and 1990s. The percentage of US house-
holds with a computer rose dramatically across 
this time period, from only 8.2% in 1984 to 42% 
in 1998, to 52% in 2000 [7], and finally to 84% in 
2013 [8]. As computing devices became more 
popular, so did the focus on using these devices 
in clinical assessments, especially since limita-
tions of PnP testing were being recognized. One 
limitation recognized early in the implementation 
of “traditional, paper-based” test measures was 
the inherent practice effects observed when 
healthy, non-concussed controls completed the 
measures over several administrations. In fact, 
researchers documented significant practice 
effects across only two serial administrations of 
measures of intelligence in college students [9]. 
Measurement of reaction time was restricted to 
the use of stopwatches and, thus, long since rec-
ognized as being limited by the subjective 
response time of the test administrator [10]. This 
decreases the accuracy of tests which measure 
timing, as compared to use of electronic timing 
devices [11]. Computer-based versions of paper-
based measures were introduced, with evidence 
P. Schatz, Ph.D.  





that the computer versions were psychometri-
cally equivalent [12], followed by novel tests 
developed specifically for computer-based 
administration. Benefits of computer-based 
assessment included (1) the freedom to increas-
ingly focus on treatment or qualitative assess-
ment gained by the automation of data collection, 
(2) more precise measurement of multiple 
domains of performance (response latency or 
response time in milliseconds), and more effi-
cient randomization of trials or rapid modifica-
tion of stimuli [13]. Financially, computer-based 
assessments were thought to provide cost-benefit 
gains over traditional administration procedures 
[14], as well as increased security of test data and 
patient records through computerized storage 
[15]. In addition, the time and staffing require-
ments needed to administer and analyze a battery 
of PnP measures to a team, school, or league of 
athletes can be significant, and computer-based 
measures allow for group administration and 
automatic scoring. Sports leagues, such as the 
NFL [16] and NHL [17], included computer-
based test measures in their baseline and post-
concussion test batteries, and use of 
computer-based measures has become wide-
spread in high schools and colleges across the 
United States [18, 19].
50.2  Consensus Expert Views 
on Baseline Testing
Over the past two decades, there has been 
increased focus on sports-related concussion, as 
well as issues regarding the assessment, manage-
ment, and return to play. In this context, the first 
of several “Concussion in Sports Group” (CISG) 
meetings were convened, with a “range of 
experts” participating in the discussion and draft-
ing of a consensus statement. While the focus of 
these meetings was broader than the topic of 
baseline neurocognitive testing, there were dis-
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regarding its use. At the first meeting in Vienna in 
2001, one of the “overriding principles” recog-
nized as “common to all neuropsychological test 
batteries” was the “need for and benefit of base-
line preinjury testing and serial follow-up” [20]. 
At that time, neuropsychological assessment was 
considered to be “one of the cornerstones of con-
cussion evaluation” contributing “significantly” 
to management of the concussed individual, and 
baseline testing was “recommended” in order to 
“maximize the clinical utility” of the neuropsy-
chological assessment.
The CISG convened again in Prague in 2004 
and recommended “both a baseline cognitive 
assessment (such as the Sport Concussion 
Assessment Tool (SCAT) in the absence of com-
puterized neuropsychological testing) and symp-
tom score” as part of baseline, pre-participation 
evaluation, especially for participants engaged in 
“high-risk” sports [21]. In addition, while not spe-
cifically related to the “use” of baseline testing, it 
was noted that severity of concussion could only 
be determined retrospectively, after symptoms 
had abated, neurological examination was nor-
mal, and “cognitive function has returned to base-
line” [22]. The committee acknowledged that 
athletes may return to baseline on neurocognitive 
testing while they were still symptomatic but rec-
ognized the “need for and benefit of” baseline 
testing before injury and serial follow-up [21].
The third CISG meeting took place in Zurich 
in 2008, and while the focus was not solely on 
computer-based measures and it was recognized 
that formal baseline NP screening may be “beyond 
the resources of many sports or individuals,” the 
CISG again recommended that consideration be 
given for all participants in high-risk sports to 
obtain preseason baseline cognitive evaluations 
[24]. The committee recognized the ongoing cog-
nitive maturity and need for “developmental sen-
sitivity” in assessment measures through the early 
teen years, limiting the utility of comparing a 
young athlete’s post-concussion data to either 
normative data or to their own baseline.
Fact Box 1
CISG meeting—Vienna, 2001:
• The “need for and benefit of baseline 
preinjury testing and serial follow-up” is 
one of the recognized overriding princi-
ples common to all neuropsychological 
test batteries [20].
• Neuropsychological assessment was 
considered to be “one of the corner-
stones of concussion evaluation.”
• Neuropsychological assessment con-
tributing “significantly” to management 
of the concussed individual.
• Baseline testing was “recommended” in 
order to “maximize the clinical utility” 
of the neuropsychological assessment.
Fact Box 2
CISG meeting—Prague, 2004:
• Recommended a baseline cognitive 
assessment (such as the SCAT) in the 
absence of computerized neuropsycho-
logical testing and also symptom scores 
as part of baseline, pre-participation 
evaluation.
 – Especially for participants engaged 
in “high-risk” sports [23]
• Noted that severity of concussion could 
only be determined retrospectively, after 
symptoms had abated, neurological 
examination was normal, and “cogni-
tive function has returned to baseline” 
[21].
• Noted that while athletes may return to 
baseline on neurocognitive testing while 
they were still symptomatic, there is a 
“need for and benefit of” baseline test-
ing before injury, and serial follow-up 
[23] was recognized.
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At the fourth CISG meeting in Zurich in 2012, 
baseline neuropsychological testing was consid-
ered as “not felt to be required as a mandatory 
aspect” of every assessment, but it was thought to 
“be helpful to add useful information to the overall 
interpretation” of the tests. While baseline testing 
was thought to provide an “additional educative 
opportunity for the physician to discuss the signifi-
cance of this injury with the athlete,” the CISG felt 
there was “insufficient evidence” at the time to rec-
ommend the “widespread routine use of baseline 
neuropsychological testing” [25]. A revision of the 
SCAT was introduced (the SCAT2), and it was 
agreed that while “a variety of measures should be 
employed” as part of a concussion assessment, 
“important clinical information can be ascertained” 
through the use of a streamlined multimodal instru-
ment such as the SCAT2, and a “baseline assess-
ment is advised wherever possible.”
At the fifth CiSG meeting in Berlin in 2016 
[26], baseline testing was deemed “useful”, but 
“not necessary for interpreting post-injury 
scores”. The importance of controlling the testing 
environment was noted, and it was suggested that 
clinicians “strive to replicate baseline testing 
conditions” when using baseline test data as a 
comparator. Given the diversity in availability of 
economic resources across the globe, baseline or 
pre-season neuropsychological testing was not 
felt to be required as a “mandatory aspect of 
every assessment”, but was thought to be “help-
ful or add useful information” to the interpreta-
tion of post-concussion test scores.
50.3  Reliability Versus Stability 
of Baseline Testing
Neuropsychological tests have been used as base-
line measures of neurocognitive functioning, due 
to their sensitivity to deficits in attention and con-
centration, working memory, information pro-
cessing speed, and reaction time [27–29]. The 
widely used Immediate Post-concussion 
Assessment and Cognitive Testing (ImPACT) 
test battery was developed for the assessment of 
sports-related concussion in high school, colle-
giate, and professional athletes [30]. ImPACT is 
a computer-based program administered via the 
Internet, which assessed neurocognitive function 
and concussion symptoms. It consists of a con-
cussion symptom scale, as well as six tests that 
Fact Box 3
CISG meeting—Zurich, 2008:
• Formal baseline NP screening may be 
beyond the resources of many sports 
leagues or individuals.
• Consideration should be given for all par-
ticipants in high-risk sports to obtain pre-
season baseline cognitive evaluations [22].
• Due to ongoing cognitive maturity, there 
is a need for assessment measures sensi-




• Baseline neuropsychological testing 
was not considered as mandatory, but it 
was thought to add useful information to 
the interpretation of the tests.
• Insufficient evidence at the time to recom-
mend the “widespread routine use of base-
line neuropsychological testing” [24].
• SCAT2 introduced a baseline assess-




• Baseline testing was deemed “useful”, 
but “not necessary” for interpreting 
post-injury scores.
• It was recommended that clinicians 
using baseline test data should “strive to 
replicate baseline testing conditions”.
• Baseline/pre-season testing was not felt 
to be “required as a mandatory aspect” 
of every assessment, but “may be help-




evaluate attention, working memory, and pro-
cessing speed. These, in turn, yield composite 
scores on the areas of verbal memory, visual 
memory, processing speed, reaction time, and 
impulse control.
The introduction of baseline and post-injury 
serial testing of concussed athletes raised imme-
diate questions regarding the temporal stability 
or test-retest reliability of neuropsychological 
measures. There has been significant debate 
regarding the psychometric properties [31, 32], 
clinical utility [33–35], and ability of baseline 
testing to reduce risks associated with premature 
return to play [36]. At the time of Barth et al.’s 
[1] study, perhaps the greatest concern was that 
of practice effects, given that “deficits” on post-
concussion assessment were identified in con-
cussed athletes in the context of “failure to 
benefit from repeated administrations,” as com-
pared to non-concussed controls [37]. More spe-
cifically, non-concussed “matched” controls 
showed significant improvement on serial 
assessments, from baseline, whereas concussed 
athletes showed improvement from baseline but 
not to the same degree as controls. Among the 
initial advantages of computer-based neuropsy-
chological assessment was the ability to random-
ize test stimuli, using multiple test versions, in 
order to minimize practice effects [30]. It is 
important to note that while many paper-based 
measures utilized in early concussion research 
employed multiple versions, such as the Hopkins 
Verbal Learning Test (HVLT) and the Brief 
Visual Motor Test-Revised (BVMT-R), practice 
effects were still noted using these measures 
when assessing concussed professional football 
players [5, 6].
Overt measurement of practice effects 
involves repeated measures comparison of 
improvement from baseline (often referred to as 
Time 1) to post-injury (or Time 2) using a paired 
sample t-test. Test-retest (or practice) effects 
have been documented in the published litera-
ture across intervals as short as 7 days and as 
long as 2 years (see Table 50.1). Initial evalua-
tion of practice effects with 7 days between 
assessments, using the ImPACT battery, showed 
evidence of improvement on the visual motor 
speed composite score, but not verbal or visual 
memory or reaction time [38]. Improved perfor-
mance on visual motor speed has been replicated 
across intervals of 30 days [39] and 1 year [40], 
but not 90 days [41] or 2 years [42], suggesting 
that while athletes may show some improvement 
in procedural memory or their ability to interact 
with a computer-based test, there is no commen-
surate improvement in memory or reaction time 
performance over time. A lack of evidence of 
practice effects may be interpreted, as evidence 
of stability and, thus, reliability.
Traditionally, the reliability of a test measure 
(specifically temporal stability or test-retest reli-
ability) is often measured using Pearson’s prod-
uct-moment correlation coefficient. Pearson’s 
product-moment correlations are generally 
thought of as a measure of the strength and direc-
Table 50.1 Comparison of test-retest data from published studies
Variable
Interval between assessments
7 daysa 30 daysb 90 daysc 1 yeard 2 yearse
Verbal Time 1 88.7 (9.5) 89.5 (8.8) 89.9 (8.4) 85.6 (9.1) 87.6 (8.3)
Memory Time 2 88.8 (8.1) 92.5 (7.6) 92.5 (7.6) 86.4 (9.1) 87.8 (9.5)
Visual Time 1 78.7 (13.4) 69.6 (11.2) 78.8 (13.2) 72.0 (12.7) 75.6 (12.1)
Memory Time 2 77.5 (12.7) 71.4 (9.8) 82.8 (12.1) 75.5 (14.0)* 78.1 (11.4)
Visual Time 1 40.5 (7.6) 39.0 (5.8) 40.5 (7.5) 37.5 (6.7) 41.2 (5.9)
Motor speed Time 2 42.2 (7.1)* 41.8 (6.0)* 41.1 (8.8) 39.8 (6.8)* 42.0 (6.9)
Reaction Time 1 0.54 (0.09) 0.61 (0.08) 0.55 (07) 0.59 (0.08) 0.54 (0.06)
Time Time 2 0.54 (0.06) 0.59 (0.06) 0.53 (0.07) 0.57 (0.07)* 0.53 (0.07)
aIverson et al. [38]; N = 30; middle school, high school, university
bSchatz and Ferris [39]; N = 25; university
cMiller et al. [41]; N = 58; university
dElbin et al. [40]; N = 369; high school
eSchatz [42]; N = 95; university
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tion of the relationship or associations between 
two interval/ratio variables. It is important to note 
that Pearson’s r is considered to be a weak mea-
sure of test-retest reliability in situations where 
(1) coefficients are high and (2) group means are 
similar, but (3) there is considerable variation in 
individual scores from Time 1 to Time 2 [43]. For 
example, research investigating test-retest reli-
ability of immediate repetition of the ImPACT 
battery [44] revealed that while means from the 
serial assessments were essentially equivalent 
(94.5 versus 92.7) with similarly low standard 
deviations (4.8 versus 5.6), Pearson’s correlation 
coefficient was r = 0.01. In this context, given the 
lack of practice effect but presence of variation 
within trials, the utility of a correlation coeffi-
cient is quite low.
Alternatively, Intraclass Correlation 
Coefficients (ICCs) have been used as a measure 
of test-retest reliability. The ICC is considered, 
by many, as a better measure of association than 
Pearson’s r. The ICC was originally developed as 
a measure of the degree of association of an inde-
pendent set of raters, for the measurement of 
inter-rater reliability [45]. In this context, two or 
more raters are observing the same event, and the 
ICC measures the agreement of the ratings or 
observations. Applying ICCs to test-retest reli-
ability treats each assessment and an independent 
rating of the same event, even though data across 
assessments may not be identical. However, ICCs 
are thought to distinguish those sets of scores that 
are merely ranked in the same order from Time 1 
to Time 2 from those that are not only ranked in 
the same order but are in low, moderate, or com-
plete agreement [46]. Both Pearson’s r and ICCs 
have been used as a measure of the reliability of 
baseline neurocognitive assessments, across 
intervals ranging from 7 days to 2 years 
(Table 50.2). A widely accepted classification 
system for interpreting obtained reliability coef-
ficients identifies a coefficient ≥0.90 as “very 
high,” 0.80–0.89 as “high,” 0.70–0.79 as “ade-
quate,” 0.60–0.69 as “marginal,” and <0.60 as 
“low,” [47], with a 0.70 cutoff often used to 
denote adequate reliability [48]. As one might 
expect, coefficients decrease as the time interval 
increases, and nearly all the time (reaction time 
and visual motor speed), indices fall above the 
cutoff of 0.70 within a 1-year range.
Within the context of serial assessment of an 
athlete recovering from sport-related concus-
sion, improvement due to practice effects or 
serial exposure to the test instrument needs to be 
parsed out, so that the clinician can determine 
how much improvement has taken place since 
the time of injury. The psychotherapy literature 
provided reliable change indices (RCIs), which 
characterize how much improvement is neces-
sary to establish improvement “beyond chance” 
[50]. Recognizing that test measures do not have 
a test-retest reliability of +1.0, the RCU incorpo-
rates the test-retest coefficient in the denomina-
tor of the ratio between the observed change 
(numerator) and standard error (denominator), 
with specific formulas developed to account for 
practice effects [51]. The RCI places the magni-
tude of change from Time 1 to Time 2 on a stan-
dardized Z-score, allowing for identification of 
cases that fall outside a pre-specified confidence 
interval (CI), such as 1.28 for an 80% CI, 1.68 
for a 90% CI, and 1.96 for a 95% CI. Basic mea-
surement theory tells us that 80% of cases (in a 
Table 50.2 Comparison of Pearson’s and intraclass cor-
















– 0.79 0.76 0.62 0.46
(r) 0.70 0.66 – 0.45 0.30
Visual 
memory
– 0.60 0.72 0.70 0.65




– 0.88 0.87 0.82 0.74
(r) 0.86 0.78 – 0.74 0.60
Reaction 
time
– 0.77 0.67 0.71 0.68
(r) 0.79 0.63 – 0.62 0.52
aIverson et al. [38]; N = 30
bSchatz and Ferris [39]; N = 25
cNakayama et al. [49]; N = 96
dElbin et al. [40]; N = 369




normal distribution) should fall within an 80% 
CI, whereas 20% of cases are expected to fall 
outside this CI. Using the same logic, 95% of 
cases should fall within a 95% CI, whereas 5% 
of cases are expected to fall outside this CI 
(Fig. 50.2). RCIs also allow for the documenta-
tion of the percentage of cases that fall outside 
the CI as well as the delta or change required to 
fall outside this interval. Table 50.3 compares 
four published studies documenting RCI inter-
vals using an 80% CI, across an interval of 
7 days to 1 year. There is considerable stability 
in the delta required for “clinical” change, with 
some increases noted as the time interval 
increases. Similarly, Table 50.3 documents the 
percentage of cases that showed “reliable 
declines” across the time interval from each 
study, using an 80% CI. Since these scores can 
be two-tailed, or bidirectional, one might expect 
20% of scores to fall outside an 80% CI, with 
10% showing increases (i.e., to the right of the 
curve) and 10% showing decreases (i.e., to the 
left of the curve). Rates of “reliable decline” all 
fall below 10%, except for two scores from the 
7-day interval study, demonstrating considerable 
stability in test scores across “clinically relevant” 
intervals (i.e., 1 month, 45 days) to longer inter-
vals related to annual baseline assessments.
50.4  Evidence for Baseline Testing 
Contributing to  
Return-to-Play Decisions
Traditionally, interpretation of post-injury data, 
using neuropsychological test batteries, typically 
involves comparison to normative data. In cases 
where baseline test data are not available for post-
injury comparison, clinicians (e.g., physicians, 
neuropsychologists, and other sports medicine 
professionals) would compare a concussed ath-
lete’s performance to normative reference values. 
Early investigations comparing the utility of post-
concussion data to baseline data revealed 19% 
0
2.5% 2.5%
–3 –2 –1 1 2 3
95% of Cases
Fig. 50.2 95% 
confidence interval
Table 50.3 Comparison of rates of decline using reliable change intervals at the 80% CI from published studies
Variable
Interval between assessments
7 daysa 30 daysb 45 daysc 1 yeard
Verbal memory Δ9/11% Δ9/0% Δ12/1% Δ16/4%
Visual memory Δ14/11% Δ14/4% Δ15/2% Δ17/3%
Visual motor speed Δ7/7% Δ5/4% Δ7/2% Δ6/2%
Reaction time Δ0.06/9% Δ0.08/4% Δ0.07/8% Δ0.09/8%
aIverson et al. [38]; N = 30; middle school, high school, university
bSchatz and Ferris [39]; N = 25; university
cNakayama et al. [49]; N = 96; university
dElbin et al. [40]; N = 369; high school
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improved diagnostic accuracy when using neuro-
psychological test data (83% sensitivity) over sub-
jective symptom reporting (64% sensitivity; see 
Fig. 50.3) [52]. It is well documented that over 
50% of football players participating at the high 
school [23] and professional levels [53] do not 
report concussions or concussion-related symp-
toms. In this regard, in a sample of athletes who 
were observed to sustain a sport-related concus-
sion, yet denied any post-concussion symptoms, 
but were suspected of invalid response patterns, 
neurocognitive testing was shown to have a diag-
nostic accuracy of 95% [54]. However, these 
investigations did not systematically evaluate the 
utility of baseline versus normative comparisons.
Researchers have evaluated the utility of com-
paring post-concussion neuropsychological data 
to normative data (i.e., in the absence of baseline 
data) versus comparing post-concussion data to 
baseline data. One study comparing post-concus-
sion data to normative cutoffs, versus change 
from baseline using RCI, concluded that the 
majority of college athletes who experience clini-
cally meaningful post-concussion cognitive 
decline can be identified without baseline data 
[55]. Other researchers found mixed results that 
baseline comparisons identified 2.6× more 
impaired athletes on simple reaction time perfor-
mance, whereas normative comparisons identi-
fied 7.6× more impaired athletes on mathematical 
processing [56]. Factors such as history of atten-
tion deficit hyperactivity disorder [55] and low or 
high intellectual capacity [57] have been identi-
fied as factors which may moderate post-injury 
performance. As such, decision-making criteria 
based on normative comparisons would likely 
overlook a significant change (e.g., from base-
line) in high-functioning individuals while over-
classifying lower-functioning individuals [58]. 
Accounting for baseline level of performance by 
classifying athletes as “above average,” “aver-
age,” or “below average” resulted in significantly 
fewer “above average” symptomatic concussed 
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normative references but significantly more 
“below average” symptomatic concussed ath-
letes being classified as concussed [59]. However, 
when using baseline references, these same 
symptomatic concussed athletes were classified 
at a similar rate, regardless of whether they were 
“below average” or “above average.”
Consensus experts have recommended imme-
diate removal for a player with a diagnosed con-
cussion, with no return to play that day [25]. 
Delayed removal versus immediate removal from 
play following suspected sport-related concus-
sion was associated with 14x greater risk of pro-
tracted recovery greater than 21 days, as well as 
significantly worse neurocognitive performance 
as compared to their own preinjury baseline [60] 
(see Fig. 50.4). An epidemiological study docu-
menting 1 year of high school concussions 
revealed that (1) approximately 25% of high 
school athletes completed preseason, baseline 
computerized testing and (2) those who com-
pleted baseline testing and were then retested 
after suspected concussion were significantly less 
likely to return to play on the same day or within 
a week of their injury, as compared to the 75% of 
concussed athletes who did not complete base-
line testing [61]. Computer-based neurocognitive 
testing is widely used, with 95% of athletic train-
ers reporting implementation of baseline testing 
of athletes at high schools and universities in the 
United States [18] and 96% of those same train-
Fact Box 6
Removal from play:
• Immediate removal for a player with a 
diagnosed concussion, with no return to 
play that day [25].
• Delayed removal following suspected 
sport-related concussion was associated 
with 14× greater risk of protracted 
recovery greater than 21 days [60].
• Delayed removal following suspected 
sport-related concussion was associated 
with significantly worse neurocognitive 








% Changed From Baseline
Fig. 50.4 Prolonged symptoms and neurocognitive effects for athletes continuing to play with concussion symptoms 
(Adapted from Elbin et al. [60])
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ers reporting “return to baseline” as a require-
ment for return to play following a concussion. In 
fact, nearly 87% reported that they would not 
return an asymptomatic player back to play if that 
player had not yet returned to baseline levels of 
neurocognitive functioning [18].
Take-Home Message
• Baseline neurocognitive testing has been rec-
ognized by consensus experts as adding useful 
information to the overall interpretation of 
post-concussion test data.
• The reliability of baseline testing has been debated 
in the literature, but use of reliable change meth-
odologies has demonstrated the stability of base-
line testing across intervals of 1 month to 1 year.
• Comparing post-concussion test data to base-
line neurocognitive testing has been shown to 
increase diagnostic accuracy, as opposed to 
comparing post-concussion test data to nor-
mative data, especially for athletes who are 
above or below average.
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51.1  Introduction
The rate of football-related concussions treated in 
emergency departments has increased significantly 
across the past 20 years [1]. Concussion risk is par-
ticularly high in female football players [2], espe-
cially compared to concussion rates in other female 
sports [3, 4]. Concussion was defined as a “com-
plex pathophysiological process affecting the brain, 
induced by biomechanical forces” in the most 
recent consensus statement on concussion in sports 
[5]. Concussion is a heterogenous injury that results 
in a myriad of physical, cognitive, and emotional 
symptoms and diverse functional impairments 
(e.g., cognitive, balance, vestibular-ocular) that 
often manifest in clinical profiles or subtypes that 
dictate treatment and return to play recommenda-
tions [6]. As such, it is important that concussion 
assessment involves a comprehensive, multimodal 
battery assessing domains of functioning, includ-
ing neurocognitive, vestibular, postural stability, 
oculomotor, and physical exertion tolerance [7]. 
Many studies have demonstrated that a multimodal 
or multifaceted test battery is more sensitive than 
any stand-alone measures in identifying concus-
sion [8–10] and diverse deficits resolve at differing 
time intervals [11]. Further, a multimodal assess-
ment battery has demonstrated good utility in pre-
dicting recovery duration [12]. Certain impairments 
can evolve or worsen in the days following injury 
[13], further highlighting the importance of serial 
or repeat assessment prior to return to play (RTP).
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51.2  Concussion Diagnosis 
and Sideline Assessment
Initially, the primary goal of concussion assess-
ment is to identify and accurately diagnose the 
head injury. Expert consensus for best practice 
is unanimous in stating all athletes should be 
removed from play immediately following con-
cussion [5]. Concussions should be diagnosed 
as soon as possible, to remove the player from 
the game immediately to prevent further injury 
and facilitate faster recovery [14]. In some situ-
ations, minimal standardized sideline testing is 
required to diagnose concussion, as overt signs 
of injury are present, including loss of con-
sciousness, staggering gait, and clear confusion 
or disorientation. However, a majority of the 
time, the signs and symptoms of injury are more 
ambiguous, and brief standardized sideline 
assessment tools may be used to further clarify 
diagnosis. The most commonly used sideline 
tool is the SCAT3, which can be used in athletes 
13 years and older and available for public use. 
Recent review [15] and clinically relevant met-
rics of the measure [16], including details on 
sensitivity and normative data in healthy con-
trols, are available elsewhere [15, 16]. This tool 
includes evaluation of symptoms, cognitive 
screening, balance examination, neck examina-
tion, and coordination examination.




Although sideline assessments can be useful in 
injury diagnosis, evidence suggests that such 
assessments are insensitive to identifying deficits 
in balance beyond 3–5 days and mental status 
beyond 48 h and should not be relied on for RTP 
decisions [17, 18]. Once a concussion is diag-
nosed, it is vital to implement follow-up manage-
ment to reduce premature RTP, as repeat injury 
without adequate recovery time is thought to con-
tribute to poor outcomes [19]. Comprehensive 
evaluation (see Fig. 51.5) through concussion-
specialty clinics is becoming more widely appre-
ciated, particularly as clinicians have begun to 
better understand the diverse nature of concussion 
symptoms and the possibility of distinct treatment 
pathways [7, 20]. Ideally, concussion assessment 
should be implemented in the context of a multi-
disciplinary team, with team/sports medicine 
physicians, neuropsychologists, certified athletic 
trainers, and physical therapists all playing a 
potential role in the RTP decision for a concussed 
athlete. For example, neuropsychologists special-
ize in interpreting cognitive testing post injury, an 
important assessment component of post-concus-
sion testing. However, many patients will benefit 
from working with a skilled vestibular therapist or 
require medication management with a headache 
specialist. Because it is not always feasible to 
have a multidisciplinary team evaluate a patient at 
initial point of contact due to resources (e.g., spe-
cialist availability, healthcare costs), many pro-
viders rely on using screening tests to determine 
when referral to other providers is warranted.
Fact Box 1
Research studies suggest that multimodal 
test batteries have shown high sensitivity 
(77–100%) in identifying concussion com-
pared to stand-alone measures (<50% sen-
sitivity) due to the heterogenous nature of 
the injury.
Fact Box 2
Multimodal assessment batteries can pre-
dict recovery duration and identify which 
treatment modalities may be most benefi-
cial for the athlete.
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51.4  Components of a Multimodal 
Concussion Assessment 
Battery
51.4.1  Symptom Reporting
51.4.1.1  Standardized Symptom 
Scales
An individual’s subjective report of concussion 
symptoms is the foundation of concussion diag-
nosis and evaluation. As assessment procedures 
have evolved, standardized measures of concus-
sion symptoms that demonstrate sound psycho-
metric properties and clinical prognostic utility 
have emerged and supplemented detailed clinical 
interviews. There are several different scales that 
have empirical support for use in children ages 
5–19, some of which include parent/teacher 
report. The content of these instruments often 
reflects the diverse nature of concussion symp-
toms, though all self-report scales contain items 
that assess physical and cognitive symptoms. A 
recent factor analysis of the Post-Concussion 
Symptom Scale, one of the most widely used 
self-report symptom assessment tools, revealed 
symptom reports for a group of recently con-
cussed athletes that were comprised of a 4-factor 
solution that included cognitive-fatigue-migraine, 
affective, somatic, and sleep symptoms [21]. Of 
note these results also found that throughout the 
first week of injury, a global cognitive-fatigue- 
migraine presentation is predominant, with 
fatigue, cognitive, migraine-related and 
vestibular- based symptoms occurring in combi-
nation [21]. These results, coupled with emerging 
research suggesting that concussion may exhibit 
clinical profiles and recovery trajectories [7], 
highlight the need for clinicians to regularly uti-
lize symptom scales to assess changes in symp-
tom presentation that may occur as injuries 
transition from acute to subacute to potentially 
chronic phases.
From a clinical perspective, symptom reports 
are also useful as prognostic indicators of recovery 
and as instruments that can help inform the need 
for targeted and focused treatment plans. For 
example, evidence suggests that football players 
who experienced dizziness on the field at the time 
of injury on average took 21 days longer to recover 
than those players who did not [22]. Similarly, the 
presence of other specific symptoms, including 
post-traumatic migraine [23], has also been associ-
ated with delayed recovery. However, it is also 
worth noting that initial symptom burden plays an 
important role, as several studies have linked 
greater initial symptom scores with longer dura-
tion of symptoms (>28 days), even after account-
ing for other confounds such as age, sex, history of 
previous concussion/migraine, neurocognitive test 
performance, amnesia, and loss of consciousness 
at the time of injury [24, 25].
51.4.1.2  Aerobic/Exertion Tolerance 
and Symptom Provocation
During concussion recovery, many athletes 
become asymptomatic when resting or lowly 
exertive but experience provocation of symp-
toms with physical activity. As such, being 
“asymptomatic” with physical activity is neces-
sary to be considered “recovered” and conse-
quently a component of international RTP 
criteria [5]. However, it can be argued that exer-
tion testing does not need to be reserved only for 
a measure of recovery provided by the growing 
support for physical activity as a treatment 
modality following concussion [26]. Authors 
have suggested that serial assessment of exertion 
tolerance and symptom provocation with physi-
cal activity can be helpful in both determining 
recovery status [27] and also identifying patients 
who would benefit from treatment, such as exer-
tion therapy [7]. At present, the field is lacking 
validated, comprehensive assessments to evalu-
ate exertional tolerance. Graded aerobic tread-
mill testing has preliminary support [28], 
although this test only evaluates aerobic exercise 
tolerance rather than dynamic movement or 
sport-specific exertional demands [7]. Our group 
has developed a structured exertion evaluation 
that includes aerobic testing, dynamic exercises 
(e.g., push-ups, extended twist and pull) 
(Fig. 51.1), as well as noncontact sport- specific 
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drills (e.g., passing, headers) (Fig. 51.2), 
although further research is necessary prior to 
routine use. At this point, experienced athletic 
trainers, and sometimes physical therapists, 
often rely on progressive or stepwise return to 
play protocols [29] that assess symptom provo-
cation but may also be therapeutic to recovery. 
These protocols lack empirical support despite 
widespread use.
51.4.2  Neurocognitive Testing
Neurocognitive testing has long played an impor-
tant role in concussion management, starting 
with the use of traditional paper and pencil neu-
ropsychological test batteries (i.e., P&P) to more 
recently developed computerized neurocognitive 
testing (i.e., CNT). Typically, neurocognitive 
testing is completed in an office setting and has 
Fig. 51.1 Exit clearance test for concussion—non-sport- 
specific exercises. (a, b) Push-up with elevated feet, (c, d) 
floor ladder agility drill, (e, f) extended twist and pull. 




Fig. 51.2 Exit clearance test for concussion—football-specific exercises. (a) Receive pass, (b) trap ball and turn, 
(c) pass ball, (d) heading the ball. Note: steps A–C are repeated several times in a quick, fluid motion
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been shown to be sensitive to deficits acutely 
(e.g., <24 h following injury) and may detect 
deficits after an athlete is symptom-free [30–32]. 
A recent meta-analysis of computerized neuro-
cognitive testing found that concussion had a low 
to moderate effect on neurocognitive function-
ing, with variability in effect size attributed to the 
complex and individualized nature of concussion 
[33]. CNTs developed for concussion are consid-
ered screening tests and can be used by a variety 
of healthcare professionals with appropriate test- 
specific training. However, administering and 
interpreting P&P testing require the expertise of a 
clinical neuropsychologist. It is important to rec-
ognize that extraneous factors such as motiva-
tion, effort, sleep, pain, and anxiety can influence 
neurocognitive test performance [34]. With this 
in mind, neuropsychologists should play a role in 
concussion management whenever possible, and 
it is essential that clinicians maintain up-to-date 
knowledge regarding neurocognitive assessment, 
including the strengths and limitations of  different 
testing modalities (i.e., P&P vs. CNT) and spe-
cific instruments.
The two modalities of neurocognitive testing 
have different strengths and weaknesses (see 
Table 51.1). For example, the use of P&P testing 
allows for a more flexible, task-specific approach 
and permits assessment of auditory-based (i.e., 
nonvisual) tasks as well as observations of test- 
taking behavior and overall functioning. However, 
P&P testing tends to be more time intensive, sub-
ject to administration/scoring errors, and less sen-
sitive to acute neurocognitive changes in 
comparison with CNT [8]. On the other hand, 
CNT tends to be brief, practical, and easily repeat-
able while also offering standardized administra-
tion/scoring. Additionally, CNT has the added 
benefit of being able to more precisely detect and 
measure reaction time and processing speed per-
formance [35]. However, given that CNT is more 
easily administered, it is possible that they exhibit 
a greater potential for misuse and misinterpreta-
tion by underqualified individuals. Both modali-
ties may face a similar challenge in demonstrating 
adequate test-retest reliability, a fundamental 
property of neuropsychological tests, with some 
evidence suggesting that the two approaches have 
Table 51.1 Comparison of paper and pencil and computerized neurocognitive testing
Paper and pencil neurocognitive testing Computerized neurocognitive testing
Advantages • Larger normative databases
• Test selection flexibility
•  Can assess neurocognitive functioning in 
multiple modalities (e.g., auditory and 
visual)
• Relatively brief
•  Precise assessment of subtle differences on 
speeded measures (e.g., reaction time)
•  Can be administered by a variety of providers, 
rather than strictly neuropsychologists
• Baseline data can be efficiently obtained
• Alternate forms reduce practice effects
• Rapid computerized scoring
•  Centralized data repositories are easily 
accessible
Disadvantages • Time intensive
• Labor intensive
•  Greater inter-examiner administration and 
scoring variability
•  Certain relevant domains not easily 
assessed (e.g., reaction time)
• Shorter time range for sensitivity
• Concerns regarding psychometric properties
•  Greater potential for misuse (e.g., interpretation 
by underqualified individuals)




• NHL Paper and Pencil Battery
  – Hopkins Verbal Learning Test (HVLT)
  –  Brief Visuospatial Memory  
Test-Revised (BVMT-R)
  –  Controlled Oral Word Association  
Test (COWAT)
  – Color Trail Making Test
  – PSU Symbol Cancellation Task
  – Symbol Digit Modalities Test (SDMT)
•  Immediate Post-Concussion Assessment and 
Cognitive Testing (ImPACT)
•  Automated Neurocognitive Assessment Metrics 
(ANAM)
•  Axon Sports Computerized Cognitive 
Assessment Tool
• Concussion Vital Signs (CVS)
• HeadMinder CRI
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similar test-retest reliability when considering 
cognitive domain being tested [36], whereas oth-
ers have expressed concerns about the reliability 
of CNT, in particular [37, 38]. Although CNT is 
becoming more utilized than P&P testing, authors 
of recent review articles have speculated that a 
hybrid approach that combines both modalities, 
such as the one currently employed by the 
National Hockey League, may maximize the 
strengths and minimize the weaknesses of both 
approaches [34]. While non- neuropsychologists, 
such as physicians and certified athletic trainers, 
can be trained to use cognitive screening tests 
(e.g., CNT), a neuropsychologist will always need 
to be consulted in cases wherein more extensive 
neuropsychological testing is warranted [39].
51.4.2.1  Computerized 
Neurocognitive Testing (CNT)
Among the many CNTs available, the Immediate 
Post-Concussion Assessment and Cognitive 
Testing Test Battery (ImPACT) is the most 
widely used and researched. ImPACT is a com-
puterized neurocognitive assessment tool that 
requires approximately 20–25 min to complete 
and is suitable for ages 10–59. The test battery 
consists of six individual test modules that mea-
sure aspects of cognitive functioning including 
attention, memory, reaction time, and processing 
speed. Each test module contributes to one or 
more composite scores (i.e., verbal memory, 
visual memory, visual motor speed, and reaction 
time) that are used to summarize an individual’s 
overall performance. In addition, ImPACT con-
tains an embedded Post-Concussion Symptom 
Scale [40], a 22-item measure of common con-
cussive symptoms (e.g., headache, dizziness, 
nausea, etc.), which individuals complete prior 
to and following completion of neurocognitive 
testing. The ImPACT test battery has been shown 
to have good psychometric properties, with sev-
eral studies demonstrating its concurrent valid-
ity, test-retest reliability, and diagnostic 
sensitivity and specificity [41]. Also of impor-
tance is that ImPACT appears to have significant 
clinical utility. For example, an individual’s pat-
tern of performance acutely can predict length of 
recovery [42].
A number of other used CNTs include 
Concussion Vital Signs (CNS Vital Signs, LLC, 
2012) and the Concussion Resolution Index (CRI), 
also known as HeadMinder [43]. The CRI is a 
Web-based computerized neuropsychological 
assessment battery comprised of subtests that 
assess memory, reaction time, speed of decision 
making, and speed of information processing. 
Similarly, CNS Vital Signs is a computerized neu-
rocognitive test battery that consists of well- known 
neuropsychological tests including verbal and 
visual memory, finger tapping, symbol digit cod-
ing, the Stroop test, a test of shifting attention, and 
the continuous performance test. Both CNTs have 
evidenced adequate levels of reliability, validity, 
and sensitivity in terms of identifying sports-
related concussion (see Table 51.1) [8, 44, 45].
51.4.3  Neuromotor Functioning
51.4.3.1  Vestibular/Balance
The vestibular system is a complex sensorimotor 
system linking inner ear sensory organs with cen-
tral nervous system processing areas. Input from 
the vestibular system is utilized in coordinating 
gaze, stabilizing eye movements (vestibulo- ocular 
reflex), and regulating muscular responsivity in 
order to maintain balance (vestibulospinal reflex). 
Vestibular dysfunction secondary to concussion is 
common, with 43% of athletes reporting balance 
disruption and 50% reporting dizziness during the 
acute stages of injury [46]. Specific vestibular-
associated symptoms following concussion may 
include dizziness, disrupted balance, motion sen-
sitivity, vertigo, unstable vision, and difficulty in 
stimulating/busy environments [47, 48].
Recognizing the role of vestibular dysfunction 
following concussion, balance testing has tradi-
tionally been utilized as a proxy for the assess-
ment of post-concussion vestibular deficits. The 
Balance Error Scoring System (BESS) provides a 
noninstrumented and efficient protocol for the 
assessment of balance and is among the more 
commonly utilized measures, with 16% of certi-
fied athletic trainers in the USA reporting regular 
use of the BESS in concussion evaluations [49]. 
The BESS involves three stances, a double-leg 
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stance with feet placed together, a single-leg 
stance on the nondominant leg, and a tandem 
stance with the nondominant foot aligned directly 
behind the dominant foot (Fig. 51.3). Examinees’ 
hands are positioned on their hips with eyes 
closed for the duration of each 20-s trial, and the 
three stances are performed on a firm surface and 
a medium-density foam surface [50]. Total errors 
are counted for each trial. An error occurs when 
the examinee removes their hands from their 
hips, takes a step, falls from the test position, lifts 
a foot, abducts greater than 30° at the hips, fails 
to return to a stance within 5 s, or opens their 
eyes. The BESS is specific and sensitive for iden-
tifying concussed athletes in the acute stages of 
injury but has limited discriminant utility at lon-
ger post-injury durations [17, 51]. More sophisti-
cated methods of balance assessment exist, such 
as the sensory organization test which utilizes 
force plates to measure postural sway while sys-
tematically disrupting visual and somatosensory 
information [52]. Such assessments require spe-
cialized equipment and are most sensitive in 
identifying impairments in the very acute stages 
of injury [52, 53].
While measures of balance offer downstream 
information regarding vestibular functioning, the 
vestibular/ocular motor screening assessment 
(VOMS) was developed to more directly assess 
 vestibular, as well as oculomotor, sequelae of 
 concussion (Fig. 51.4). The VOMS consists of brief 
screening across five domains, including smooth 
pursuits, horizontal and vertical saccadic eye move-
ments, near point of convergence, horizontal and 
vertical vestibulo-ocular reflex (VOR), and visual 
motion sensitivity (VMS, Fig. 51.4). Prior to assess-
ing these domains, patients subjectively rate the 
severity of baseline headache, dizziness, nausea, 
and mental fogginess, utilizing a 0 (none) to 10 
(severe) scale. Patients re-rate symptoms after 
a b c
d e f
Fig. 51.3 Balance Error Scoring System (BESS) on firm- 
and medium-density foam surface. (a) Double-leg stance 
(firm surface), (b) single-leg stance (firm surface), (c) tan-
dem stance (firm surface), (d) double-leg stance (foam 
surface), (e) single-leg stance (foam surface), and (f) tan-
dem stance (foam surface)
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assessment of each domain, and clinicians consider 
areas of symptom exacerbation, average near point 
of convergence across three trials (normative cutoff 
is ≤5 cm), and clinically relevant behavioral 
 observations (e.g., hypometric saccades, ocular 
exodeviation, behavioral avoidance/hesitancy) in 
drawing clinical inferences. The VOMS is an inter-
nally consistent measure with empirically demon-
strated utility in differentiating healthy and injured 
athletes [54, 55].
In cases of concussion with suspected vestibu-
lar involvement and positive findings on screen-
ing measures such as the VOMS and BESS, 
consultation with vestibular therapists offering 
comprehensive assessment of vestibular func-
tioning may be indicated. A comprehensive ves-
tibular evaluation may include examination of 
oculomotor function, static positioning, postural 
balance, dynamic movement, peripheral 
 vestibular organ response, gait, and subjective 
symptoms, with specific batteries constructed on 
the basis of individual patient presentation [48, 
56]. In particular, two objective measures of ves-
tibular functioning are frequently utilized with 
concussion patients and may be useful in inform-
ing return to play decisions, the Gaze Stability 
Test (GST) and Dynamic Visual Acuity Test 
(DVAT) [57, 58]. Both tests assess vestibulo-ocu-
lar reflex functioning by measuring visual acuity 
with head movements. The DVAT measures 
a b c
d e f
Fig. 51.4 Administration of vestibular/ocular motor 
screening assessment (VOMS). Smooth pursuits, (a) hori-
zontal saccades, (b) vertical saccades, (c) near point con-
vergence, (d) horizontal VOR, (e) vertical VOR, (f) visual 
motion sensitivity (note: smooth pursuits not pictured)
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visual acuity with yaw (horizontal plane) and 
pitch (vertical plane) head movements at a fixed 
velocity, with the size of visual targets progres-
sively decreasing. The GST assesses the maxi-
mum velocity at which an examinee can 
accurately identify a visual target while perform-
ing yaw and pitch head motion. Both measures 
are sensitive to changes in vestibulo-ocular reflex 
functioning post concussion [57, 58] and demon-
strate adequate test-retest reliability in the empir-
ical literature [59, 60].
51.4.3.2  Oculomotor Assessment
Oculomotor dysfunction, or difficulty with 
coordinated eye movements, represents another 
common sequela of concussion, with estimates 
that 33–65% of patients experience such diffi-
culties post injury [21, 61]. Specific oculomotor 
deficits may include problems with vergence, 
accommodation, version, visual alignment, 
visual pursuit, and saccadic eye movements, of 
which convergence insufficiency and accommo-
dative insufficiency are most commonly seen in 
patients with concussion [61–63]. Until recently, 
the role of oculomotor dysfunction in concus-
sion was not fully appreciated, and as a result, 
few practical assessment methods exist [7, 55, 
64]. The King- Devick test is designed to detect 
impaired saccadic eye movements thought to 
reflect suboptimal neurological functioning, and 
empirical evidence suggests potential utility as 
an acute screening measure of oculomotor func-
tioning when used in conjunction with other 
assessment methods [65–67]. The VOMS (pre-
viously described in the Vestibular/Balance sec-
tion) assesses symptom provocation with 
smooth pursuits, saccadic eye movements, and 
near point of convergence and has been adapted 
to include accommodation as well [68]. This 
offers a more complete screening of oculomotor 
functioning while also targeting relevant ves-
tibular functions (Table 51.2).
51.4.4  Emotional Functioning
It is common for individuals to experience 
increased emotional difficulties, such as anxiety 
and depression, shortly after experiencing a con-
cussion [69]. Additionally, several studies have 
found that a history of mental health treatment 
and/or diagnosed mental health condition pre-
dicts delayed overall recovery from concussion 
[70–73]. While symptom checklist measures of 
concussion commonly include at least a brief 
assessment of affective symptoms, these tend to 
be only one or two items that likely fail to capture 
the full complexity and intensity of the emotional 
sequelae that may develop following 
SRC. Accordingly, consensus statements on SRC 
have called for more research exploring the 
assessment of affective symptoms that may 
accompany SRC, as well as how this information 
may be used to guide management and treatment 
decisions [5]. As there are countless standard-
ized, self-report clinical measures that assess 
affective symptoms, it is helpful to distinguish 
between those that measure state or acute emo-
tional functioning from those that measure more 
trait-like qualities. Both kinds of measures serve 
different purposes and provide different types of 
clinical information. For instance, acute mea-
sures of emotional functioning, such as the Beck 
Depression Inventory-II and the Beck Anxiety 
Inventory, are best suited to detecting more recent 
changes in affective symptoms, such as those that 
are likely to occur more immediately post injury. 
These measures have the additional advantage of 
being brief and easily administered by different 
types of providers (e.g., psychologist, physician), 
with appropriate training. However, overlap in 
Fact Box 3
Abnormal vestibular functioning has been 
reported in up to 60–80% of patients, while 
40–69% of patients have at least one oculo-
motor abnormality at varying time inter-
vals following sport-related concussion.
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symptom etiology can complicate interpretation 
of these measures. For example, dizziness and 
light-headedness are both symptoms of vestibu-
lar dysfunction and anxiety. Such issues highlight 
both the importance of multimodal assessment 
and the advantage of a psychologist on a multi-
disciplinary team, who can help to distinguish 
whether the origin of a symptom is more physio-
logical or psychological.
Besides assessment instruments that assess 
more acute emotional functioning, there are com-
prehensive measures that provide an assessment of 
various psychological concepts that are thought to 
be long-standing (i.e., personality). Some individ-
uals experience quite prominent post-concussion 
affective symptoms that may prolong their overall 
recovery and return to play. In these cases, it may 
be recommended that individuals seek additional 
evaluation and possible treatment with a mental 
health specialist, such as a psychiatrist or clinical 
psychologist. One way to determine whether such 
services are needed, as well as the severity of more 
long-standing affective symptoms, is to utilize 
more in-depth assessment instruments. Two such 
measures that provide a more in-depth assessment 
of emotional functioning are the Minnesota 
Multiphasic Personality Inventory-II Revised 
Factor and the Personality Assessment Inventory. 
These measures are commonly administered and 
interpreted by a clinical psychologist and are fre-
quently used to support the diagnosis of a mental 
health condition and/or the need for mental health 
treatment. Although such measures will not be 
commonly utilized by most practitioners who 




functions assessed Brief description of measure
Balance Error Scoring 
System (BESS)
Postural stability/balance Three stances are performed on a firm- and a 
medium-density foam surface with hands on hips 
and eyes closed. Stances are held 20 s and total 
errors are recorded
Sensory organization test Postural stability/balance Subjects stand on dual-force plates in a 3-sided 
surround. Degree of anterior-posterior sway is 
recorded. Six conditions are administered with 
sensory conditions systematically varied. Each 
condition is comprised of three trials lasting 20 s
Gaze stability test (GST) Vestibulo-ocular reflex Patient rotates head in vertical and horizontal 
plane at progressively increasing velocity, 
measuring the most rapid velocity at which the 
patient is able to identify the orientation of a visual 
target
Dynamic visual acuity test 
(DVST)
Vestibulo-ocular reflex Patient’s head is rotated in the vertical and 
horizontal plane at a fixed velocity, with visual 
acuity for progressively smaller visual target 
compared to static head movement conditions
Vestibular/ocular motor 
screening (VOMS)
Smooth pursuits, saccadic eye 




Brief screening measure designed to assess 
vestibular and oculomotor functioning. Patient 
subjectively rates pre-screening symptoms, and 
clinician notes neurobehavioral abnormalities 
during screening while patient subjectively 
identifies symptom exacerbation
King-Devick test Saccadic eye movements A series of numbers are read from left to right, 
with stimuli becoming progressively more visually 
challenging to read fluidly. Errors and completion 
time are recorded
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evaluate and manage concussion, it behooves cli-
nicians to closely monitor an individual’s emo-
tional functioning throughout the course of 
concussion management and address more severe 
emotional difficulties as they present (Table 51.3).
51.5  Return to Play Following 
Concussion
International criteria to return to play following 
concussion state that an athlete is required to be 
asymptomatic at rest and with physical activity 
before return to play consideration [5]. This prac-
tice stimulated the development of progressive, 
staged exertional protocols for athletes to com-
plete as a means to reach a symptom-free status 
with physical activity. However, international 
criteria are viewed as the minimal requirements 
or standard of care, and many experts agree that 
cognitive performance should be deemed consis-
tent with preinjury expectations, either compared 
to an individual baseline or normative data. 
Further, it is important to determine that all defi-
cits that were initially evaluated post injury fully 
resolved, including any vestibular and oculomo-
tor impairments.
Take-Home Message
Concussion is a complex and heterogenous injury 
common in football players. Assessment of injury 
may start with basic diagnostic or sidelines tools, 
although the gold standard of concussion man-























































Fig. 51.5 Summary of multimodal assessment and examples of measures
Fact Box 4
It is estimated that 12–44% of individuals 
experience some degree of depression or 
anxiety within the first 3 months following 
concussion.
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battery that is repeatable to measure progress and 
guide treatment recommendations and safe return 
to play.
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hyperarousal; disposition to experience 
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52.1  Preseason Baseline 
Evaluation
Prior to the start of football season, all players are 
required to review educational materials on con-
cussion and undergo a preseason physical exami-
nation. Educational resources assist players in 
identifying signs and symptoms of concussion 
and emphasize the importance of removal from 
play after injury. Preseason physical examina-
tions include a comprehensive interview of past 
medical and concussion history, neurological 
examination, and baseline testing [1]. The NFL 
has adopted a baseline assessment model for 
managing concussion [2], in which athletes are 
required to complete mental status testing and 
neuropsychological baseline testing when nonin-
jured that is used as a “control” should a player 
sustain a concussion in the future. Baseline test-
ing is particularly important for individuals with 
a history of a neurodevelopmental disorder such 
as attention deficit hyperactivity disorder [3, 4] or 
who have above average intelligence [5] who are 
not well represented by available normative data 
[6, 7]. The NFL does not require it, but it is often 
recommended that all baseline testing includes 
validity indicators to prevent athletes from “gam-
ing” their baseline testing [8–10].
52.2  Sideline Assessment 
and Management 
of Concussion
Players suspected of sustaining a concussion on 
field must adhere to a strict concussion manage-
ment protocol outlined by the NFL’s Head, Neck, 
and Spine Committee. The NFL’s sideline con-
cussion protocol focuses on (1) detection of the 
injury and (2) evaluation of the player for concus-
sion or other neurological pathologies [1]. 
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Players suspected of a concussion are immedi-
ately removed from play for further evaluation to 
ensure the safety of the athlete [11–14].
52.2.1  Detection of Concussion
Identification of on-field concussion is executed 
by the team medical staff, coaches, teammates, 
and/or player. Given the tendency for athletes 
to underreport their symptoms of concussion or 
for a general lack of player awareness [15–18], 
the NFL has implemented an organized team of 
medical personnel to watch closely for concus-
sions during games. Personnel required include 
the team physician, club athletic trainer, booth 
athletic trainers (also known as the “eyes in the 
sky”), and an unaffiliated neurotrauma consul-
tant (UNC) [1]. Personnel are trained to moni-
tor players for acute signs and symptoms of 
concussion, as outlined in Table 52.1, after sus-
taining a traumatic blow to the head or body. 
With increasing education around concussion, 
it is common for coaches and/or teammates to 
report a suspected concussion as well, espe-
cially if the player in question is not exhibiting 
obvious or outward signs/symptoms.
Contrary to popular belief, a loss of conscious-
ness (LOC) is not required for a diagnosis of con-
cussion [13, 19–21], and LOC or posttraumatic 
amnesia [22–24] at the time of injury does not 
always equate to a more severe concussion [22, 
23, 25–27]. On-field endorsement of dizziness 
[25, 27] and posttraumatic migraine [28–30] may 
be better clinical indicators of length of recovery 
time from concussion. If a player is suspected of 
sustaining a concussion, the player is immedi-
ately removed from play and evaluated by medi-
cal personnel. There are six “Go/No-Go” criteria 
that require immediate removal of the NFL player 
from the field without chance of return. They 
include LOC, confusion, amnesia, new or persis-
tent symptoms (e.g., headache, nausea, dizzi-
ness), abnormal neurological findings, and 
progressive or worsening symptoms [1].
It is important to remove players immediately 
after a potential injury to rule out critical neuro-
logical pathology and prevent from additional 
blows to the head while the brain is in a vulnerable 
state of neurometabolic crisis [19, 21] from con-
cussion [31–34]. Football players who continue to 
play immediately after sustaining a concussion are 
at an increased risk of a prolonged recovery. In 
fact, a recent manuscript shows that athletes who 
continue to play after experiencing concussion 
symptoms may double their recovery time [35].
52.2.2  Evaluation of the Player 
for Concussion
Once removed from play for a concussion evalu-
ation, sideline assessment of the athlete includes 
an evaluation of concussion signs and symp-
Table 52.1 On-field acute signs and symptoms of 
concussion














Amnesia (retrograde or 
anterograde)
Fact Box 1
A loss of consciousness is not required for 
a diagnosis of concussion.
Fact Box 2
Athletes who continue to play after sustain-
ing a concussion may double their recovery 
time from the injury.
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toms, a focused neurological examination, and a 
modified Maddock’s questioning [1, 36] for 
evaluation of orientation and recent memory. 
Traditional orientation questions (e.g., person, 
place, and time) have been demonstrated to be 
unreliable for sideline assessment of sports con-
cussion when compared to recent memory ques-
tioning (Table 52.2) [13, 36, 37]. If a player is 
suspected of having a concussion or there are 
abnormal findings on the sideline assessment, 
then the player is taken to the locker room for 
further evaluation.
The NFL utilizes an NFL-specific tailored ver-
sion of a standardized sideline assessment tool for 
concussion, known as the Sideline Concussion 
Assessment Tool – 3rd Edition (SCAT3), for brief 
cognitive and mental status testing once an athlete 
is removed from play [1, 37, 38]. Results of test-
ing are compared with the player’s preseason 
baseline testing. The player is not permitted to 
return to the same game or practice if suspected of 
a concussion and is required to enter the NFL con-
cussion protocol for return to football participa-
tion. To return to contact football, the player must 
be cleared by his team physician and an indepen-
dent concussion specialist in accordance with 
international guidelines [1, 11–13, 39, 40].
52.3  In-Office Evaluation 
of Concussion
Initiation of the NFL concussion protocol first 
results in the player receiving education surround-
ing the expected signs and symptoms of concus-
sion. Injured players are then managed by their 
team medical staff and/or in-office by a licensed 
concussion specialist. The NFL requires con-
cussed players to return to their baseline function-
ing in terms of their report of symptoms and 
neurological/neurocognitive exam before re- 
engaging in physical activity [1]. Aside from the 
recommendation of serial neuropsychological 
testing to track players’ neurocognitive recovery 
[1, 2] post-injury, there is little direction provided 
by the NFL and international concussion consen-
sus statements regarding the in-office manage-
ment and treatment of concussion to facilitate 
concussed players’ return to baseline functioning 
[11–14, 39].
Current guidelines requiring a return to base-
line status are helpful for preventing a premature 
return to play. The recommendations vary among 
team physicians and athletic trainers in the 
NFL. The role of “active rehabilitation” from 
concussion is in evolution and being studied. A 
“one-size-fits-all” approach to concussion man-
agement is no longer embraced [41]. In the recent 
past, to promote recovery post-injury, most play-
ers are prescribed physical and some form of 
cognitive rest until asymptomatic; however, there 
is sparse evidence to support strict rest for man-
aging concussion [42–45]. A randomized control 
study [46] demonstrated that strict rest after con-
cussion may actually lead to a slower recovery 
and worsened symptoms [46–49]. A recent con-
sensus meeting held in Pittsburgh, Pennsylvania, 
among leading concussion experts, including 
NFL physicians and concussion consultants, on 
the “Targeted Evaluation and Active Management 
(TEAM) Approaches to Treating Concussion,” 
indicated that 97% of experts believed that strict 
rest may have detrimental effects after concus-
sion and may not be an effective strategy for all 
concussions. Furthermore, 100% of these experts 
advocated for an individualized, active treatment 
approach to concussion, in which treatment was 
matched to the individual clinical profile of the 
concussed athlete [41]. To improve treatment 
approaches, the NFL, in collaboration with other 
institutions, has launched a $60 million Head 
Health Initiative to expedite development of 
better diagnostic tools, improved protective gear, 
and better treatment techniques for concussion 
[50].
Table 52.2 Modified Maddock’s questions in NFL con-
cussion checklist
Modified Maddock’s questions
  1. Where are we?
  2. What quarter is it right now?
  3. Who scored last in the practice/game?
  4. Who did we play last game?
  5. Did we win the last game?
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52.3.1  Diagnostic Assessment 
of Concussion
To develop an individualized treatment plan for 
concussion, a comprehensive, multimodal diag-
nostic assessment is warranted in order to delin-
eate the clinical profile of the concussed player 
[13, 51–53]. The NFL currently employs a neuro-
logical exam with mental status, neuropsycho-
logical, and balance testing for their initial 
assessment [1] and has recently started to imple-
ment other cutting-edge measures sensitive to 
concussion [50]. Traditional neurodiagnostic 
techniques (e.g., computed tomography, magnetic 
resonance imaging), although helpful in ruling 
out intracranial bleeds and/or skull fracture, are 
not recommended for determining diagnosis of 
concussion. They are typically not sensitive to 
concussion and may involve potentially harmful 
radiation exposure [54, 55]. International guide-
lines recommend that the in-office assessment of 
concussion includes a thorough clinical interview, 
a subjective report of symptoms, and the use of 
empirically established, objective tools sensitive 
to concussion [13, 51]. Table 52.3 provides an 
overview of a multimodal approach to concussion 
diagnosis and evaluation utilized by concussion 
consultants for the Pittsburgh Steelers [13, 51, 52, 
56, 57]. The multimodal assessment includes a 
clinical interview, symptom report, cognitive test-
ing, and vestibular-oculomotor screening.
52.3.1.1  Clinical Interview
Establishing a trusting relationship with the 
player and team organization is important for 
gaining an understanding of the player and facili-
tating comprehensive care. Sideline evaluations 
conducted by the team medical staff are useful in 
identifying the mechanism of injury, acute signs 
and symptoms of concussion, and performance 
on mental status testing in order to gain an appre-
ciation for the severity and nature of the injury. 
Detailing the personal and family medical history 
is important for identifying risk factors of con-
cussion. Records from the player’s medical his-
tory collected in the preseason evaluation by the 
team medical staff should be utilized when pos-
sible for verification of medical history.
A thorough review of concussion risk factors 
is vital in order to prognosticate recovery time. 
Most athletes are expected to recover within 1 to 
3 weeks of injury; however, 10–20% of athletes 
in the general population do not recover in this 
timeframe [23, 53, 58]. The presence of multiple 
prior concussions [27, 59–61] or a personal or 
family history of the following preinjury condi-
tions have been identified as potential risk factors 
for a protracted recovery: neurodevelopmental/
neurological condition [27, 62–64], psychiatric 
condition such as anxiety/depression [65–69], 
migraine [28–30], and/or sleep disturbance [70, 
71]. Other suspected risk factors that have yet to 
be fully established include a personal or family 
history of oculomotor dysfunction [72, 73] or 
motion sensitivity such as vertigo [53, 74–76]. 
An understanding of these risk factors can set the 
stage for conceptualizing a player’s clinical pro-
file and necessary treatment.
Psychosocial history is also pertinent to con-
ceptualizing the functional challenges and limita-
tions a player may experience after a concussion. 
Players may endorse different types of symptoms 
in specific environments (e.g., being in the locker 
room, riding a bus, and watching film) that can 
provide useful information about the deficits and 
functional impairments from the concussion. For 
instance, a player who experiences a headache 
while watching film may suggest the presence of 
oculomotor dysfunction due to the visual demand 
involved in this task. There may also be environ-





Establish rapport, determine 
mechanism of injury, acute markers 
of injury, acute and chronic symptom 
presentation, detailed personal and 
family medical history, review of 
medical records, identify concussion 
risk factors, psychosocial history









Balance testing, vestibular-ocular 
reflex, visual motion sensitivity, 
oculomotor screening, near point of 
convergence
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mental stressors that can play a role in the play-
er’s response to injury, including a lack of social 
support in the nearby area, external pressures to 
return to play quickly, and fears surrounding 
long-term health. The overall goal of the clinical 
interview is to establish concussion risk factors, 
address the player’s concerns, and determine spe-
cific functional limitations from the injury.
52.3.1.2  Symptom Report
A concussion can result in a myriad of physical, 
cognitive, sleep, and mood symptoms. Table 52.4 
details some of the most common symptoms of 
concussion that are often reported on post- 
concussion symptom questionnaires [77–79]. 
The pattern of symptom reporting can provide 
useful information regarding the clusters of 
symptoms most bothersome to the player [30, 
51–53, 73]. Athletes who report a higher total 
symptom score upon initial evaluation tend to 
take a longer time to recover from concussion 
[24, 80, 81]. Although evaluating symptoms is an 
important aspect of the assessment, objective 
measures should also be utilized in conjunction 
with self-report data given athletes’ tendency to 
underreport their symptoms of concussion 
[15, 18, 82–84].
52.3.1.3  Cognitive Testing
Neuropsychological testing has been recognized 
by international guidelines as a valid and reliable 
tool for the objective evaluation of concussion 
[11–14]. Neuropsychological testing can be 
administered one on one through paper-and- 
pencil tests or in a computerized format with all 
test instructions embedded within the computer 
program. Computerized neurocognitive testing is 
recognized as one of the most widely used assess-
ments for concussion management [85, 86], and 
one tool, ImPACT (Immediate Post-Concussion 
Assessment and Cognitive Testing), has recently 
become the first device for concussion assess-
ment approved by the Food and Drug 
Administration (FDA) [87]. It is sensitive in 
detecting concussed from non-concussed ath-
letes, can be serially administered to track recov-
ery over time, and has prognostic value in 
estimating length of recovery time [18, 81, 84, 
88]. Athletes who are reportedly asymptomatic 
can still demonstrate deficits on computerized 
neurocognitive testing [18, 84].
52.3.1.4  Vestibular-Oculomotor 
Screening
The vestibular system is a complex sensory system 
that allows for neural maintenance of balance/pos-
tural control and stabilization of vision during 
movement. When this sensory system is disturbed 
after a concussion, it can result in subjective com-
plaints of dizziness, vertigo, nausea, light-headed-
ness, unstable vision, imbalance, and motion 
discomfort [89–93]. Given that nearly 40% of ath-
letes report balance impairment [78] and 50% 









Sleeping more than usual














Athletes who report a greater number of 
symptoms upon initial evaluation tend to 
take longer to recover from concussion.
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endorse dizziness [80] after a concussion, a thor-
ough evaluation of the vestibular- oculomotor sys-
tem is recommended [51, 93]. Balance testing is 
currently utilized by the NFL to assess disturbance 
of the vestibulospinal tract [1, 91, 94, 95], and 
some teams have begun to implement screening of 
dynamic vestibular functions (e.g., vestibular-ocu-
lar reflex, visual motion sensitivity) that are 
involved in the stabilization of vision and toler-
ance of dynamic movement [50, 93]. Disruption of 
vestibular reflexes can be a contributor to players’ 
intolerance of exercise post-injury and is associ-
ated with increased recovery time following sport-
related concussion [74, 89, 90].
Oculomotor abnormalities in which there is a 
deficit in the neural control of eye movements are 
also common following concussion. There are 
multiple oculomotor abnormalities that can occur 
after a head injury, including abnormal eye move-
ment and function [96]. For example, a conver-
gence insufficiency occurs when there is a 
reduced ability for the eyes to team toward each 
other upon near vision. Athletes with a sport- 
related concussion are 10 times more likely to 
demonstrate a convergence insufficiency when 
compared to the general population [72, 73]. 
Athletes with oculomotor dysfunction often 
report increased symptoms when engaging in 
visually demanding tasks such as watching  film, 
engaging in computer work, and reading [72, 73]. 
Concussion consultants for the Pittsburgh Steelers 
have developed and validated a brief vestibular-
ocular screening tool that can be used for in-office 
or sideline assessment of vestibular-oculomotor 
dysfunction; see Table 52.5 [74, 78, 93]. This 
Vestibular/Ocular Motor Screening (VOMS) tool 
evaluates multiple vestibular-oculomotor func-
tions and has athletes endorse their experience of 
headache, dizziness, nausea, and fogginess on a 
scale from 1 to 10 at rest and with each assess-
ment. The VOMS can be serially administered to 
track recovery over time.
52.3.2  Individual Clinical Profiles 
and Targeted Treatment 
for Concussion
Multimodal assessment of concussion as outlined 
above facilitates conceptualization of the player’s 
clinical profile and trajectory from the injury. 
Establishment of the clinical profile allows for tar-
geted, active rehabilitation from concussion rather 
than a “one-size-fits-all” approach. In the first few 
days of injury, athletes may demonstrate a global 
concussion presentation that includes primarily 
cognitive deficits, fatigue, and migraine symp-
toms [78]. It is suggested by experts that beyond 
the acute stage of injury, athletes begin to demon-
strate a more delineated clinical profile/s from the 
concussion [41, 51, 52, 56].
Utilizing information gleaned from sideline 
assessments, clinical interview, preexisting risk 
factors, record review, symptom report, cognitive 
Table 52.5 Vestibular/Ocular Motor Screening (VOMS) for concussion
Headache (1–10) Dizziness (1–10) Nausea (1–10) Fogginess (1–10)









Visual motion sensitivity 
test
aNear point of convergence measurements are averaged across three measurement trials
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testing, and vestibular-oculomotor screening, a 
comprehensive and targeted rehabilitation pro-
gram can be initiated for more active treatment and 
rehabilitation of concussion. Conceptualization of 
the clinical profile/s should incorporate a careful 
consideration of concussion risk factors, mecha-
nism of injury, symptoms, functional deficits, and 
abnormalities on objective examination. 
Summarized in Table 52.6 are emerging clinical 
profiles from concussion. Each profile is associ-
ated with specific symptoms, objective test find-
ings, and rehabilitation recommendations [41, 53]. 
Establishment of these clinical profiles is in its 
infancy and requires further empirical investiga-
tion which is underway by multiple institutions, 
including studies funded by the NFL [41, 50–53]. 
Once a player’s profile is determined, treatment 
can begin to actively rehabilitate the player for 
return to football.
52.3.3  Return to Play Criteria
International return to play (RTP) guidelines are 
standardized in order to protect athletes from 
returning to sport participation prematurely. A 
player is never returned to play on the same day 
as a concussion is diagnosed. In order to receive 
full clearance back to contact football, these 
guidelines require an athlete to be (1) asymptom-
atic at rest, (2) asymptomatic with noncontact 
exertion, and (3) at their neurocognitive baseline. 
These criteria protect and prevent athletes who 
still demonstrate signs and symptoms of concus-
sion from returning to football while the brain is 
still recovering from injury [13]. If an athlete has 
not met these criteria or there is a question of cri-
teria being met, then holding an athlete from RTP 
is warranted as additional head insult while the 
player is still concussed can have potentially del-
eterious outcomes [31, 32].
The NFL’s Head, Neck, and Spine 
Committee’s Return to Participation Protocol 
[1] and International Consensus Statements [13] 
advocate for a graduated, stepwise return to 
physical exertion. The NFL exertion protocol is 
initiated once the player returns to their baseline 
status in terms of symptoms and neurological 
examination. Stepwise exertion protocols such 
as the NFL’s often require an athlete to start 
with low- level physical activity and (suggest but 
do not require) the athlete remain asymptomatic 
for 24 h at each stage before progressing to the 
next level.
This stepwise, homogenous approach for 
returning to physical activity can be problematic 
in select athletes. Firstly, as noted in the treat-
ments for different concussion trajectories, some 
players can tolerate physical activity early after 
the injury. Participation in exercise may actually 
expedite some players’ recovery time, while 
players with different concussion trajectories 
may be highly symptomatic with certain types of 
exertion [49, 56, 89, 90, 97, 98]. The clinical 
 profile of the athlete plays a role in their tolerance 
of particular physical activity (e.g., heavy aerobic 
activity versus dynamic movement). A “one- 
size- fits-all” approach is again not uniformly suc-
cessful for prescribing exertion activities and 
treatment approaches in concussion management 
given the individualized nature of the injury. 
Secondly, preventing players from exercising 
after injury may have deleterious effects on their 
mood and physical conditioning [47, 99]. Lastly, 
requiring a player to follow a structured, stepwise 
exertion protocol when they can tolerate exercise 
Fact Box 4
Concussion is an individualized injury that 
has different clinical profiles that require 
targeted treatment rather than a “one-size- 
fits-all” approach.
Fact Box 5
A player is never returned to play on the 
same day as a concussion is diagnosed. In 
order to receive full clearance back to play, 
international guidelines require an athlete 
to be (1) asymptomatic at rest, (2) asymp-
tomatic with noncontact exertion, and (3) 
at their neurocognitive baseline.
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Table 52.6 Clinical trajectories and targeted treatment for concussion





Worse symptoms at the end 
of the day
Trouble concentrating
Global deficits on 
cognitive testing






Cognitive therapy if 
protracted





Feeling of being detached
Anxiety
Overstimulation in complex 
environments
Motion sensitivity
Symptom provocation with 




time deficits on cognitive 
testing




intervention (if mood or 
migraine overlay)
















by a neuro-rehabilitation 
specialist








Somatic symptoms with 
stress
Mild symptom provocation 
with vestibular screening
Treatment of vestibular 
dysfunction if present




behavioral treatment of 
anxiety/mood







Verbal or visual memory 





anticonvulsants, beta or 









Abnormal decreased range 
of motion, muscle 
weakness, ligamentous 
instability, limited 
musculature flexibility in 
the neck
Range of motion exercises
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early after injury may potentially delay their 
return to full health.
Once a player has successfully returned to 
their baseline status and completed the exertion 
protocol, clearance is required from multiple 
members of the NFL concussion management 
team. The player must have baseline scores 
returned to normal as interpreted by a team’s neu-
ropsychological consultant, receive clearance 
from the team physician, and receive clearance 
from an independent neurological consultant 
with expertise in concussion. Full clearance 
allows the player to return to full sport participa-
tion, including competition and contact 
activities.
Take-Home Message
The NFL’s Head, Neck, and Spine Committee 
has evolved their guidelines for concussion iden-
tification and management to protect the health 
of players. Standardized protocols designed by 
the NFL for return to football participation pre-
vent concussed players from being prematurely 
returned to play. Individualized clinical profiles 
after concussion have started to emerge and are 
being studied to potentially allow for targeted 
treatment from the injury rather than a “one-size- 
fits-all” approach.
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53.1  Heading in Football
Football is the most popular sport in the world, 
with more than 265 million participants across the 
world [1]. Football is unique compared to other 
sports in that players use their unprotected heads 
to purposefully pass, shoot, redirect, and control 
the ball (Fig. 53.1). Football heading technique is 
considered an important part of both offensive and 
defensive play and is frequently implemented by 
players. Researchers, coaches, and players alike 
have expressed concerns about the potential 
adverse effects of purposeful heading in football 
on cognitive function, postural control, and con-
cussion-related symptoms [2–5]. In an effort to 
prevent potential acute (i.e., concussion) and 
chronic (i.e., residual symptoms, cognitive and 
motor impairment) effects from purposeful head-
ing, mandatory restrictions on heading exposure in 
youth players have recently been implemented.
53.2  Heading and Concussions
Concussion is a major health concern in football. 
A concussion results in a variety of symptoms 
(e.g., headache, dizziness, fogginess) [6] and cog-
nitive (e.g., memory, reaction time, processing 
speed) [7], psychological (e.g., depression, anxi-
ety) [8], and vestibular/oculomotor (e.g., dizzi-
ness, imbalance, gait, vestibuloocular)  impairment 
[9]. The effects of concussions typically last for 
A.P. Kontos, Ph.D.  
Department of Orthopaedic Surgery, University  
of Pittsburgh, Pittsburgh, PA, USA 
UPMC Rooney Sports Complex,  





1–3 weeks but can extend to months or longer 
[10]. Based on cumulative concussion incidence 
estimates of approximately 13% for football in 
the United States (USA) [11], more than 34 mil-
lion players worldwide will have a concussion 
playing football. Previously, researchers have 
reported that heading is involved in 25–30% of 
concussions in football [11], with 62–78% of con-
cussions resulting from incidental head-to-head 
contact [12]. Heading-related concussions may 
result from improper head-to-ball contact, head-
to-head contact, and risky behaviors (i.e., attempt-
ing to head the ball in a crowd of players). 
Therefore, efforts to minimize the effect of these 
head impacts, as well as lower the risk of concus-
sion in the youth football, are critical in protecting 
the safety of players and the integrity of the game 
moving forward.
53.3  Heading and Chronic Effects
For the past four decades, researchers have 
hypothesized that football heading may nega-
tively affect cognitive function and symptoms. 
Early studies supported this hypothesis [13, 14], 
but studies were limited by retrospective research 
designs, an emphasis on retired professional 
players, and did not account for concussion his-
tory as a confounding variable. More recent stud-
ies have reported no relationship between heading 
exposure and cognitive performance in adoles-
cent football players [15–17]. A recent review of 
not only the effects of heading but also the inci-
dence of concussions in football, the mechanism 
of injury, and the neurocognitive implications of 
concussions in football indicated the long-term 
effects of heading were similar to those effects 
seen in athletes with a history of concussion [18]. 
Many of the studies examined, however, failed to 
record concussion history of the participants in 
the study, thus limiting the accuracy of the assess-
ment. Additionally, many of the studies reported 
conflicting results, again suggesting the need for 
further exploration as recent literature continues 
to be inconclusive.
As a result of the inconsistency in the literature 
and selective nature of the previously discussed 
systematic review, we conducted the first meta-
analytic review of the effects of football heading 
[19]. The findings from our analyses did not sup-
port an overall adverse effect for heading across 
studies, suggesting that reported effects associated 
with heading are a product of small sample sizes, 
inconsistent methodologies, and sampling errors 
and, at best, are equivocal in the literature. We did 
find some evidence for age as modifier for any 
effects of heading. In short, reported effects asso-
ciated with heading appear to be limited to profes-
sional players who have had substantial levels of 
exposure to heading over long careers. However, 
Fig. 53.1 Soccer is unique in that players purposefully 
head the ball
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the empirical evidence is limited even in this select 
group of players. There is a clear need for larger-
scale, systematic, and longitudinal studies of the 
purported effects of football heading. In spite of 
these recent findings to the contrary, researchers 
and clinicians continue to raise concerns about the 
potential adverse effects associated with football 
heading in youth, especially in regard to long-term 
exposure and concussion (Fig. 53.2).
Heading in football has typically been quanti-
fied using self-reported data, which are notori-
ously wrought with error and bias. Part of the 
reason for the reliance on self-reported heading 
data is that football players do not wear protec-
tive headgear like in American football and ice 
hockey. Consequently, accelerometer sensors 
that measure in vivo head impacts have only 
recently been developed and tested for use in 
football players [20]. These newer sensors are 
affixed via adhesive to the head (typically behind 
the ear) or contained within soft headbands or 
special mouth guards. Although these sensors 
hold promise to assess the frequency, intensity, 
and accumulation of head impacts in football 
players [21], there are limitations associated with 
their use including compliance and false posi-
tives. Regardless, accelerometer sensor technol-
ogy is critical to furthering our understanding of 
repetitive exposure to heading and concussion in 
at-risk youth football players.
53.4  A Lack of Support 
for Protective Head Gear
Several manufacturers have designed and mar-
keted soft protective headbands that are pur-
ported to reduce concussions and impact forces 
associated with heading in football players 
(Fig. 53.3). Players are permitted to wear these 
headbands by most football governing bodies. 
Several high-profile professional players have 
begun receiving financial endorsements from 
manufacturers and subsequently wearing these 
protective headbands during professional games, 
lending anecdotal support to their effectiveness. 
As a result of these endorsements and increased 
visibility, some parents of youth players have 
begun outfitting their children with these protec-
tive headbands in an attempt to minimize risk of 
injury. However, the findings on the effectiveness 
of protective headbands in football in the existent 
literature are equivocal. For example, some 
researchers have reported that headbands reduce 
peak linear forces associated with head-to-ball 
contact in laboratory dummies [22], whereas 
other researchers have reported that headbands 
do not reduce these impacts to the head [23].
With regard to the effectiveness of the head-
bands in actual players, an earlier retrospective 
study by Delaney and colleagues [24] suggested 
that players who wore a protective headband 
reported fewer concussions on a survey than 
those who did not, but this study did not examine 
Fig. 53.2 Researchers and clinicians have raised con-
cerns about heading in youth players
Fig. 53.3 Soft protective headbands have been marketed 
to soccer players
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exposure or player behavior and involved recall 
of concussions. Moreover, the players were not 
randomly assigned to the headbands during the 
study. In a more recent study of the effects (i.e., 
symptoms, cognitive performance) of an acute 
bout of heading, collegiate football players in the 
USA were randomly assigned to wear protective 
headbands and then exposed to 15 headers over 
15 min [25]. The findings from this study were 
contrary to what was expected, with players who 
wore the headbands actually performing worse 
on memory and reaction time than the players 
who did not wear the headbands. These findings, 
together with a general lack of support in the lit-
erature, suggest that protective headbands have 
little impact in reducing any effects associated 
with heading and are unlikely to reduce the risk 
of concussion. In fact, some researchers, coaches, 
and players have suggested that wearing protec-
tive gear in football may actually increase risk 
behaviors such as headers in a crowded penalty 
area or diving headers by the post. Researchers 
need to examine further the effects of headbands 
on biomechanical forces to the head, concussion 
risk, and player behaviors.
53.5  Concerns About Concussion 
in Youth Players
Participation in youth (5–19 years) football is at 
an all-time high with more than 22 million regis-
tered participants worldwide and over 3 million in 
the USA alone [26]. This steady increase in youth 
football participation has also resulted in an 
increased concern about concussions. The main 
reason for concern about concussion in youth 
football players is that the effects of this injury 
may be more pronounced in youth sport partici-
pants due to ongoing brain development [27, 28]. 
Although most players with concussions recover 
within a week to 21 days, symptoms and impair-
ment can extend longer depending on the domain 
[29]. These extended sequelae and prolonged 
recoveries can lead to increased costs associated 
with additional care, as well as adverse impacts 
on academic and psychosocial functioning.
The cumulative concussion incidence in youth 
(11–14 years) football is 13%, and the incidence 
rate is 1.2 concussions/1000 athletic exposures 
[11]. These data translate to an estimated 2.9 mil-
lion concussions among youth football players 
worldwide and 390,000 in the USA. However, 
these data may represent an underestimation of 
the incidence of concussion in youth football as 
the majority of youth leagues lack sufficient and 
consistent medical oversight for this injury. 
Consequently, many concussions in youth foot-
ball may go unreported or unrecognized. In older 
player age groups in sport (i.e., 15–19 years), with 
appropriate and consistent medical coverage, as 
many as 40% of all concussions are unreported 
[30]. Using this estimate, nearly 9 million concus-
sions may go unreported in youth football.
53.6  Sex and Age Differences 
in Concussion and Heading
The greatest proportional growth in football par-
ticipation worldwide and in the USA is in female 
youth players [1]. Researchers report that female 
football players are at greater risk for concussion 
compared to males [12, 31, 32]. In addition, a 
greater percentage of concussions occur from 
purposeful heading in females (31%) compared 
to males (12%), and concussions related to pur-
poseful heading have increased significantly over 
the past 9 years for females [12]. Among the 
Fact Box 3
It is estimated that 13% of youth footballers 
will experience a concussion.
Fact Box 2
Protective headbands have little impact in 
reducing any effects associated with head-





explanations for the increased risk for females 
sustaining head-to-ball concussive injuries than 
males are decreased head stability and increased 
angular acceleration in females [33, 34]. 
Although female athletes are at a greater risk for 
concussion, male athletes tend to head the ball 
more frequently than female athletes [17, 35]. 
Researchers suggest that male adolescent foot-
ball players head the ball at a greater frequency 
than female adolescent players in both practices 
and games [35]. In a previous study on the effects 
of football heading in youth, we compared 
directly males and females and found that males 
headed the ball nearly two times more than 
females in games and over three times more in 
practices [17]. However, males tended to have 
more years of playing experience, which may be 
driving sex differences in heading.
There are few studies that have examined age 
differences in concussion or heading exposure 
among football players. Previous research has 
suggested that younger sport participants (i.e., 
adolescent) are at a greater risk and take longer 
to recover from a concussion than older partici-
pants (i.e., adult) [36, 37]. Purcell and col-
leagues [38] reported that early to middle 
adolescence (i.e., 12–15) was the period of 
greatest risk for concussion in youth. Youth 
football players are undergoing rapid brain 
changes and development during the ages of 
11–14 years [39], which may be associated with 
increased vulnerability to the neurometabolic 
and pathophysiological events that occur fol-
lowing concussion and heading [40, 41]. 
However, none of these studies have focused on 
football players. In regard to the effects associ-
ated with heading exposure, findings from our 
recent meta-analysis suggested age was a poten-
tial modifying factor for adverse outcomes asso-
ciated with football heading. Specifically, older 
players seemed to be more at risk for negative 
effects associated with heading. However, this 
finding is likely a product of older players at 
higher levels of play having more experience 
and therefore exposure to heading overall lon-
ger period of time.
53.7  Concussion and Heading 
Guidelines in Football
Unparalleled media focus on concussions in 
sport has resulted in significant concerns for foot-
ball governing bodies worldwide. In fact, follow-
ing a well-publicized concussion involving a 
German football player during the 2014 FIFA 
World Cup, the FIFA Medical Committee imple-
mented changes in protocols impacting how con-
cussions in FIFA-sanctioned competitions are 
managed. Specifically, FIFA recommended that 
whenever a suspected concussion occurs, the ref-
eree should stop the game for 3 min to allow for 
an on-pitch assessment to determine if a player is 
concussed. Players are allowed to return to the 
pitch only if cleared to do so by the team physi-
cian. Unfortunately, a 3-min evaluation on the 
pitch does not allow for a complete assessment of 
all of the potential signs, symptoms, and impair-
ments (e.g., cognitive, vestibular spinal, vestibu-
lar ocular, vision) associated with a concussion. 
Moreover, pitch side is not an ideal environment 
in which to conduct an evaluation. Players and 
team physicians may also feel added pressure to 
return a player to the pitch, especially in light of 
FIFA substitution limitations and the realities of 
professional football. Injuries may also be 
ignored due to the potential impact of a 3-min 
absence from the game due to the required assess-
ment. In fact, in 2015, the head coach admon-
ished the head team physician and physiotherapist 
from an English Premier League team for trying 
to assess a player for a suspected concussion, 
even though the referee had waved them on the 
pitch for that purpose. In addition, players may 
Fact Box 4
Males head the ball nearly two times more 
than females in games and over three times 
more in practices. Although female foot-
ball players head the ball less frequently 
than male players, female players actually 
have more concussions from heading.
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have delayed onset of concussion-related symp-
toms and impairment that may not be evident 
until several hours or even days following injury.
53.8  Author’s Recommendation
The current FIFA recommendations, while a step 
in the right direction, could be enhanced. A head 
injury-specific substitution rule would alleviate 
the pressure experienced by players and team 
physicians to keep potentially injured players on 
the pitch. FIFA could also borrow approaches 
used by the National [American] Football League 
including the implementation of an independent 
physician to assess suspected concussions on the 
pitch, thereby reducing pressure from coaches 
and players, and a trained “spotter” in the broad-
cast booth that uses video replay to identify 
potentially concussed players.
While concussions have been the focus at the 
professional levels of football, at the youth levels, 
exposure to football heading has received height-
ened attention. Consequently, several football 
governing bodies have developed heading guide-
lines designed to reduce both concussion risk and 
exposure to heading in youth players. In 
November 2015, the US Soccer Federation (US 
Soccer) released their “Recognize to Recover” 
program, which is a comprehensive health and 
safety initiative that promotes safer play in foot-
ball at the youth level and is focused on limited 
exposure to heading. As a result of this initiative, 
US Soccer set forth the following youth football 
heading guidelines:
 1. Players under the age of 10 years should not 
engage in heading either in practice or in 
games (this is to include 11-year-olds who 
may be playing on under-11 [U-11] teams). 
For members adopting this recommendation, 
any deliberate attempts to head the ball by 
players 10 years old and younger will be 
penalized by allowing an indirect free kick to 
the opposing team.
 2. Players between the ages of 11 and 13 years 
should have limited heading training, at a 
weekly maximum of 30 min and no more than 
15–20 headers per player. Heading is allowed 
in games at these ages without restriction or 
penalty.
Players at younger (i.e., U-11) ages rarely 
head the ball and when they do it typically 
involves limited head impact forces. As such, 
eliminating heading in players under age 11 is 
both intuitive and will have limited effect on the 
way in which football is played at these age 
groups. However, the restriction of heading in 
players aged 11–13 years is not evidence based 
and will likely have limited effects on reducing 
concussion risk, as the majority of concussions in 
football do not involve heading. Moreover, if 
these early adolescent-aged players are not taught 
proper heading technique in a safe manner in 
practice but allowed to perform headers in 
matches, they are more at risk for injury from 
heading during matches. In addition, by teaching 
proper heading technique in practice to these 
younger players, they will have more time to 
develop this skill than if they learn it later in their 
career.
53.9  Improving Heading Skill
In 2016, the National Soccer Coaches Association 
of America (NSCAA) in conjunction with 
researchers, players, and coaches developed an 
online instructional course titled Get aHEAD 
Safely in Soccer™ (Get aHEAD™). The objec-
tive of this instruction course is to educate youth 
football coaches on the best ways to instruct 
Fact Box 5
Players are allowed to return to the pitch 
following a suspected concussion only if 
the team physician clears them.
Fact Box 7





youth players in proper and safer purposeful 
heading. The objective of the Get aHEAD™ 
intervention is to reduce the risk of concussion in 
youth football players while at the same time 
teaching safe and effective techniques to head a 
ball purposefully. The intervention comprises 
teaching proper heading techniques, strengthen-
ing neck and core musculature, avoiding risky 
situations on the pitch, educating referees, and 
incorporating lightweight footballs to minimize 
impacts on the head during practice. The Get 
aHEAD™ approach represents a paradigm shift 
away from heading restrictions toward promot-
ing safe play through proper heading instruction. 
Researchers need to examine empirically the 
programs such as Get aHEAD™ to determine 
their effectiveness in improving heading skill 
and preventing injuries such as concussion 
(Fig. 53.4).
Take-Home Message
Concussion is a major health concern in football 
that warrants awareness and attention from 
researchers and clinicians alike. However, the 
effects of purposeful heading on players are 
unclear and warrant additional research. As such, 
any heading guidelines in football should be evi-
dence based. Instructional programs that focus on 
teaching proper heading and promote safer play 
could help reduce concussions and exposure to 
football headers that are risky, especially among 
youth players.
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54.1  Introduction
Determining when an athlete is fully recovered from 
a sport-related concussion (SRC) can be one of the 
more difficult decisions for the sports medicine cli-
nician. Sport-related concussion is an injury involv-
ing the brain, which is a complex organ that is 
responsible for many different functions. Moreover, 
the signs, symptoms, and impairments that are asso-
ciated with SRC are unique to each athlete and 
require an individualized and multifaceted assess-
ment approach [1, 2]. The heterogenic presentation 
of SRC has prompted clinicians and researchers to 
utilize both objective (e.g., neurocognitive, vestibu-
lar, oculomotor, balance) and subjective data (e.g., 
symptom reports) in conjunction with a thorough 
clinical examination to identify clinical profiles [3] 
that subsequently can inform targeted treatment and 
rehabilitation strategies. The successful completion 
of prescribed rehabilitation and treatment is then fol-
lowed by a gradual, stepwise return-to-play (RTP) 
protocol outlined in recent consensus statements [2, 
4]. Despite clinical advances in the assessment, 
management, and treatment of SRC, estimating time 
until clinical recovery remains a challenge. Although 
most athletes will recover from SRC within 3 weeks 
[5], there are a small percentage of athletes that will 
exhibit a prolonged recovery longer than this 3-week 
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time period [6]. Identifying these athletes soon after 
injury may enable earlier interventions.
54.2  Defining Recovery Following 
Sport-Related Concussion
There is no recognized gold standard for deter-
mining recovery from SRC. The multifaceted, 
serial assessment of symptom reporting, neuro-
cognitive performance, postural stability, and 
vestibular and ocular motor function provide cli-
nicians with the ability to track the resolution of 
impairments in the days and weeks following 
injury. In most clinical settings, the sports medi-
cine clinician periodically gathers and records 
subjective and objective data from the patient to 
determine recovery of persistent impairment. 
Once the athlete is deemed to be within normal 
limits of function, they are then cleared to begin 
the recommended graduated RTP protocol [2]. 
The elapsed time that occurs between SRC and 
the “return to baseline” or pre-injury levels of 
functioning is often considered a recovery mile-
stone, and the additional time that it takes the ath-
lete to successfully complete the stepwise RTP 
protocol may add more time to the recovery pro-
cess. Although there is great clinical benefit from 
the comprehensive assessment of multiple 
domains following SRC, each of these domains 
resolve at different times following SRC and may 
not match physiological recovery [5, 7].
54.3  Post-concussion Symptom 
Recovery
The recovery from a SRC has traditionally been 
defined as the resolution of self-reported symptoms 
and often termed as an athlete reporting being 
“asymptomatic.” Symptom resolution is a key 
determinant for allowing an athlete to begin the 
RTP process [2]. However, there are limitations to 
the reliance of self-reported symptoms to determine 
recovery, as many individuals endorse symptoms at 
baseline or in an otherwise healthy state [8–10]. In 
addition, several researchers have reported that self-
reported symptoms are often minimized and/or 
unreported by the concussed athlete in an effort to 
expedite recovery from SRC [7]. Therefore, some 
researchers suggest a better estimation of symptom 
recovery is to redefine asymptomatic as a return to a 
“normal” symptom presentation for that individual 
instead of a “zero” endorsement on a post-concus-
sion symptom scale [11]. For example, athletes that 
suffer from migraine frequently endorse a mild 
headache when noninjured, and to expect that this 
athlete will report a “zero” on a post- concussion 
symptom scale when recovered from concussion 
may be unrealistic.
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The time course of symptom recovery following 
SRC is well documented in the literature. 
Researchers report that [12] the resolution of symp-
toms was reported to occur around the first week 
following SRC in a large sample of predominantly 
male college athletes. Several consensus papers 
report that the complete (i.e., symptoms, cognitive, 
balance) recovery following SRC is approximately 
7–10 days [2, 4, 13]. Other investigators [14] report 
post-concussion symptom duration lasting approxi-
mately 6 days in a sample of concussed high school 
and college athletes. These researchers also reported 
that more than 70% of their sample exhibited symp-
tom recovery within 7 days of SRC. In addition, 
93.7% and 99.3% of their sample reported symp-
tom recovery within 14–30 days, respectively [14]. 
However, other researchers report that symptom 
recovery may take longer than previously reported, 
which may be attributable to certain factors that pre-
dispose an athlete to reporting symptoms such as 
somatization [15] and migraine history [1, 16] or 
continuing to play with their SRC without notifying 
medical professionals [17, 18]. Although the moni-
toring of symptoms is a critical piece of SRC man-
agement, these reports are subjective and can be 
minimized by the athlete. As a result of these limita-
tions, it is best practice to supplement subjective 
symptom reports with more objective assessments 
to better determine SRC recovery [2, 19].




The use of neurocognitive testing and balance 
assessments increases the objectivity of SRC 
management [12, 20, 21]. Sports medicine cli-
nicians often administer these testing batteries 
in a pretest (i.e., baseline)-posttest method 
that allows for post-injury performance to be 
compared to pre-injury levels of function. The 
literature documenting the recovery of neuro-
cognitive function following SRC is mixed. 
Early studies, using pencil and paper or brief 
neurocognitive batteries, noted neurocognitive 
recovery times ranging between 5 and 7 days 
[12], and more recent evidence suggests that 
neurocognitive recovery on more widely used 
computerized neurocognitive batteries ranges 
from 11 [22] to 28 days [5]. Similarly, research-
ers examining the recovery of postural stability 
in athletes with SRC report improvement within 
the first 3–5 days following injury [12, 23]. In 
contrast to this short time frame, other studies 
using more sophisticated gait and dual-task 
measures report deficits lasting several weeks 
to months following concussion [24–26].
 
54 Concussion: Predicting Recovery
pieter.orthopedie@gmail.com
726
More recently, additional assessments of the 
vestibular and oculomotor systems have been 
introduced into clinical practice [27, 28]. 
Assessment of saccadic eye movement using the 
King-Devick test has noted significantly slower 
time on this task following SRC [29]. A more 
comprehensive assessment of the oculomotor 
system and the additional evaluation of the ves-
tibular system is the vestibular/ocular motor 
screening (VOMS). Recent studies reveal that the 
VOMS is sensitive to detecting vestibular and 
oculomotor impairments following SRC [28, 30]. 
The documented recovery times for vestibular 
and oculomotor impairment following SRC are 
currently understudied.
54.5  Safely Returning an Athlete 
to Play Following SRC
Once an athlete reports being asymptomatic and 
their objective data is within baseline and/or nor-
mal levels of function, the sports medicine clini-
cian can begin a graduated RTP protocol [2]. The 
graduated RTP protocol (Fig. 54.1) is designed to 
slowly introduce physical exertion that increases 
the demands placed on the body to determine 
whether incremental physical exertion results in a 
return of symptoms. The most often cited pro-
gression is the six-step progression endorsed by 
the International Conference on Concussion in 
Sport [2] in which the athlete progresses through 
each step, under supervision, with 24 h between 
each step. Should symptoms return at any step in 
the progression, the protocol is halted, and the 
athlete should resume at the level prior to symp-
tom provocation once symptoms have resolved. 
This progression typically takes approximately a 
week to fully progress through each stage with-
out any setbacks. However, recent studies sug-
gest that relying solely on symptom reports to 
determine progress through this protocol may be 
faulty, as approximately 16% of athletes demon-
strated clinical deficits on objective neurocogni-
tive testing despite reporting asymptomatic 
following the completion of the RTP protocol 
[31]. These data support the need for post- 
exertional objective assessment, such as neuro-
cognitive testing, to more accurately ensure 
recovery following the RTP protocol.
1. No Activity
Rehabilitation Stage Ex Exercise at Each Stage Objective at Each Stage
Recovery
Increase HR






Physical and cognitive rest
Walk, swim, stationary bike,
<70% of max HR, no resistance
training
Skating drills (hockey),
running (soccer), no head
impact activities




participate in normal training
activities
Normal game play




6. Return to play
Fig. 54.1 Return-to-play progression outlined in concussion in sport group consensus (Adapted from McCrory et al. 
[2])
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54.6  Identifying Athletes at Risk 
for Protracted SRC Recovery
As previously discussed, the majority of athletes 
that sustain a SRC will experience a full recovery 
(e.g., symptoms, neurocognitive, postural stabil-
ity) within 2–3 weeks [5, 6, 18], and a small per-
centage of athletes will experience a protracted 
recovery longer than 21 days [6]. Previous stud-
ies estimate that this “miserable minority” is 
comprised of approximately 20% of concussed 
athletes [32]. Given these dichotomous “normal” 
and “protracted” SRC recovery classifications, a 
new area of research has emerged and focuses on 
the identification of risk factors for predicting 
protracted SRC recovery. Researchers have iden-
tified several factors that increase the likelihood 
of an athlete experiencing a protracted recovery, 
and sports medicine clinicians should screen and 
document the presence of these secondary risk 
factors for supporting earlier intervention and 
treatment for SRC.
54.7  Factors that Influence 
Recovery from Sport-Related 
Concussion: Age, Sex, 
and Concussion History
In the SRC literature, age commonly refers to 
comparing youth and adolescent athletes (i.e., 
less than 17 years) to older adult-aged athletes 
(i.e., college and professional athletes 18 years 
and older) on SRC recovery. There is a general 
consensus that younger athletes demonstrate lon-
ger recovery compared to older, adult-aged ath-
letes [2, 33, 34]; however, studies directly 
comparing SRC recovery outcomes between 
adolescent and adult-aged athletes are scant. The 
developmental changes that occur during the 
youth and adolescent years and the increased vul-
nerability of the developing brain to the neuro-
metabolic changes that accompany mTBI [35] 
have prompted a conservative approach to SRC 
management in youth. In short, additional 
research substantiating age as a risk factor for 
prolonged SRC recovery is needed.
The literature documenting differences in 
SRC recovery outcomes among adolescent and 
adult athletes is sparse and lacks consistent sup-
port [1, 19, 36]. One seminal study [34] reported 
that post-SRC memory impairment resolved 
within 3 days following injury in a college-aged 
cohort, while memory impairment persisted in a 
high school-aged cohort up to 7 days post-injury. 
High school athletes also reported more SRC 
symptoms compared to college athletes at 1, 3, 
and 5 days following injury. Other researchers 
[33] documented memory impairment (relative 
to baseline) during the first week following SRC 
in both high school and college athletes. 
Specifically, high school athletes demonstrated 
significantly lower post-injury memory scores 
than college athletes that suggest that high school 
athletes may demonstrate a different recovery 
trajectory than older, college-aged athletes. 
However, there were no differences between high 
school and college athletes on post-concussion 
symptom reports, reaction time, processing 
speed, and/or postural stability [33], and these 
findings were more recently supported by Nelson 
and colleagues [37]. Other studies by Meehan 
Fact Box 1
Risk factors that influence recovery time 
from sport-related concussion:
• Age: younger athletes (i.e., less than 
17 years old) demonstrate longer recov-
ery compared to older-aged athletes 
(i.e., college and professional athletes 
18 years and older) following SRC.
• Sex: female athletes report more symp-
toms and demonstrate greater neurocog-
nitive impairment than male athletes 
following SRC.
• Concussion history: athletes with his-
tory of multiple SRCs are 7.7 times 
more likely to demonstrate major mem-
ory impairments than athletes with no 
previous history of SRC acutely (i.e., 
2 days post-injury) following injury.
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et al. [38] reported that age was not a significant 
predictor of protracted recovery, and Lee and col-
leagues [39] reported similar recovery times 
among concussed high school and college ath-
letes. Purcell and colleagues [40] compared chil-
dren to adolescents during recovery from 
concussion. This retrospective study found that 
24.5% of children and 19.3% of adolescents were 
symptom-free within 7 days post-injury, 18.9% 
of children and 18.3% of adolescents within 
7–10 days, 30.2% of children and 13.8% of ado-
lescents within 2 weeks, and 15.1% of children 
and 18.3% of adolescents in 3 weeks. Of interest 
was that both children and adolescents took about 
2–4 weeks to become asymptomatic, with ado-
lescents taking significantly longer than children 
to be symptom-free [40].
Overall, the few available studies directly 
examining age-related differences in SRC risk 
and recovery have produced conflicting results. 
Additional evidence is needed to further solidify 
this factor as a significant contributor to SRC 
recovery. Further, a conservative approach for 
managing SRC in youth athletes remains a criti-
cal component of care for younger athletes.
The influence of sex on SRC recovery out-
comes is also examined in the literature. The 
majority of the research conducted on concussion 
outcomes suggests that female athletes report a 
greater number of total symptoms and demon-
strate greater neurocognitive impairment follow-
ing SRC than male athletes [41–44]. For example, 
female athletes with SRC took significantly lon-
ger to become asymptomatic compared to male 
athletes with SRC [41]. Additionally, Zuckerman 
and colleagues [45] reported that females demon-
strated a protracted symptom recovery compared 
to male athletes. Female athletes may be more 
symptomatic on some components of vestibular 
screening as well [46]. Covassin and colleagues 
[33] examined soccer athletes due to the similar 
sport environment and equipment in the male and 
female game and reported that female soccer ath-
letes had higher total symptom scores and lower 
visual memory function compared to male soccer 
athletes following SRC. In addition, other studies 
demonstrate that female athletes exhibit post- 
SRC declines on visual memory and reaction 
time compared to males [33, 42]. Broshek et al. 
[42] reported that female concussed high school 
and collegiate athletes were impaired 1.7 times 
more often on neurocognitive testing than con-
cussed male athletes. Other researchers have also 
reported that female athletes with SRCs demon-
strate a longer recovery than male athletes with 
SRCs [33]. These data emphasize the need for 
clinicians to be cognizant of differences between 
male and female athletes in regard to varying 
recovery outcomes associated with SRC.
In addition to discrepancies on clinical mea-
sures and recovery time, sex differences for spe-
cialty management and treatment for SRC are 
documented between male and female athletes. 
In a sample of concussed adolescent athletes 
recruited from an SRC specialty clinic [44], 
female concussed athletes were eight times more 
likely to be prescribed vestibular therapy, seven 
times more likely to be prescribed rest, four times 
more likely to be prescribed medicine (i.e., for 
headaches or anxiety), and three times more 
likely to be prescribed academic accommoda-
tions compared to males. Moreover, female ath-
letes with SRCs demonstrated a longer recovery 
than males (75.6 ± 73 days to 49.7 ± 62 days). 
These data suggest that females not only demon-
strate a longer symptom and neurocognitive SRC 
recovery but are also more likely to receive spe-
cialty referral for SRC compared to male 
athletes.
The literature investigating history of SRC as 
a secondary risk factor influencing SRC recovery 
has produced mixed findings. Covassin and col-
leagues [47] reported that concussed athletes 
with two previous injuries demonstrated longer 
neurocognitive recovery of memory and reaction 
time compared to concussed athletes without his-
tory of SRC. A similar study by Iverson et al. 
[48] also reported that concussed athletes with a 
history of three or more concussions reported 
significantly greater memory impairment at 
2 days post-injury compared to concussed ath-
letes without a history of concussion (i.e., recov-
ering from their first injury). Athletes with a 
history of multiple SRCs were also 7.7 times 
more likely to demonstrate a major decrease in 
memory performance than athletes with no previ-
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ous concussion acutely following injury (i.e., 
2 days post-injury). These data are in concor-
dance with other studies that report concussed 
athletes with a history of three or more SRCs 
present a greater number of post-concussion 
symptoms [49] and exhibit longer symptom 
recovery than athletes without a history of 
concussion.
Although there is empirical evidence suggest-
ing concussion history is associated with worse 
recovery outcomes, these findings have not been 
consistently supported for recovery duration. 
Meehan et al. [38] reported that concussion his-
tory was not a significant predictor of prolonged 
symptomatology beyond 28 days post-injury, and 
McCrea et al. [12] also reported that concussion 
history was not associated with a prolonged 
recovery longer than 7 days post-SRC. The con-
flicting findings regarding the relationship 
between concussion history and SRC recovery 
are likely due to the limitations of utilizing self- 
reported concussion history. Recent studies indi-
cate that athletes were moderately reliable in 
self-reporting their concussion history [50] and 
that athletes’ understanding of the current defini-
tions of SRC were not consistent. This lack of 
reliability and variability in defining SRC may 
lead to inaccurate self-reported histories of con-
cussion [51]. In order to better determine the 
influence of concussion history as a risk factor 
for poor SRC outcome, future research should 
corroborate these data with medical records and 
documented injuries.
54.8  On-Field Signs 
and Symptoms and SRC 
Recovery
The post-concussion symptom profile of an 
injured athlete has also been examined as a 
potential secondary risk factor for prolonged 
SRC recovery. More specifically, several empiri-
cal studies have investigated which specific cog-
nitive impairments and symptom clusters [52, 
53] are related to protracted recovery (i.e., 
>14 days) following SRC [54–57]. Identifying 
athletes at risk for protracted recovery from SRC 
is critical to informing early intervention and tar-
geted treatment approaches, and using symptom 
inventories may be beneficial to understanding 
different clinical trajectories of SRC [58].
Historically, loss of consciousness (LOC) and 
post-traumatic amnesia (PTA) were considered 
key factors in determining the severity of an SRC 
and determining the length of time an individual 
should remain out of play following an SRC, 
making those two symptoms the basis for con-
cussion grading scales [59]. However, since LOC 
occurs in fewer than 10% [60] and PTA in fewer 
than 30% [60] of athletes with SRCs, consensus 
statements recommend not using these antiquated 
grading scales for SRC management [61]. 
Moreover, the importance of LOC and PTA as 
reliable markers of severity has been questioned. 
Three studies have documented a significant rela-
tionship between LOC and SRC recovery persist-
ing longer than 7 days in samples of professional 
football players [62] and in high school and col-
lege athletes [63, 64]. However, other studies 
have not supported this relationship between 
LOC and SRC recovery outcomes [56, 65–67].
Similarly, the available literature examining 
the relationship between PTA and prolonged 
SRC recovery yields inconsistent results. In 
professional football athletes, both retrograde 
and anterograde amnesia were documented in a 
significantly higher percentage of athletes who 
missed more than 7 days due to SRC [62]. In 
addition, retrograde amnesia was also related to 
prolonged SRC recovery in high school and col-
lege athletes [63]. These findings were sup-
ported by work analyzing three large databases 
of high school and college athletes; those who 
reported both retrograde and post-traumatic 
amnesia were associated with a prolonged 
recovery [64]. However, in other studies, amne-
sia was not associated with a prolonged recov-
ery in collegiate [66] or high school [57] athletes 
nor was it associated with symptoms lasting 
longer than 1 week in high school football or 
non-football athletes [65].
Headache is often mentioned as the primary 
symptom associated with concussion, reported in 
up to 90% of injured athletes [60, 66, 67]. While 
the acute presentation of headache does not nec-
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essarily correlate to severity or recovery [65], 
prolonged (i.e., over 7 days) headache has been 
associated with an increased time to recover and 
return to sport [63, 67], poorer cognitive test 
scores [68], and higher overall symptom reports 
[68]. In addition to headache, some athletes may 
experience nausea and light and/or noise sensitiv-
ity following SRC. This specific cluster of symp-
toms represents post-traumatic migraine (PTM) 
and is associated with prolonged SRC recovery 
[54]. Recent studies reveal that concussed ath-
letes with PTM are 7.3 times more likely to dem-
onstrate a recovery longer than 21 days compared 
to concussed athletes with headache only and 
athletes without headache or PTM [54]. In addi-
tion, the presence of PTM following SRC has 
resulted in significantly worse neurocognitive 
presentation compared to only headache and 
without PTM or headache [54, 69]. In addition to 
research examining recovery outcomes and PTM, 
a recent study by Kontos et al. [70] reported 
decreased brain network activation in concussed 
athletes with PTM compared to those without 
PTM and matched noninjured controls. Although 
the available data substantiating PTM as a sec-
ondary risk factor is sparse, the preliminary find-
ings for this symptom presentation are promising 
and may have significant clinical value.
Other somatic symptoms, independent of 
headache, including dizziness, nausea, and sensi-
tivity to light and noise, have also been associ-
ated with a prolonged recovery. On-field dizziness 
was found to result in a sixfold increased risk of 
a prolonged (i.e., >21 days) recovery in high 
school athletes [56]. However, dizziness was not 
reported to be associated with prolonged symp-
toms (i.e., >7 days) in a separate study of high 
school football and non-football athletes [65]. An 
initial clinical presentation that included nausea 
was associated with a 60% and 80% increased 
risk in prolonged symptoms in football and non- 
football athletes, respectively [65]. Similarly, 
sensitivity to noise and light resulted in a 2.7 
times increase in prolonged symptoms in non- 
football athletes [65], and migraine-related 
symptoms have also been associated with a lon-
ger time to clinical recovery [57].
Cognitive symptoms including drowsiness, 
concentration, cognitive, or memory problems 
and fogginess have also been associated with 
prolonged recovery following concussion. In a 
study of high school athletes, drowsiness was 
associated with a two times risk for prolonged 
symptoms in football and non-football athletes 
[65]. Similarly, fatigue, tiredness, or fogginess 
were associated with an increased time until 
return to activity in Australian rules football ath-
letes [67], and high school athletes with persis-
tent fogginess had significantly higher total 
symptom score and deficits in the cognitive func-
tioning domains of reaction time, processing 
speed, and memory [48]. Athletes with an initial 
SRC presentation within the first week following 
injury that included concentration problems dem-
onstrated in a twofold increase of prolonged 
symptoms in both football athletes and non- 
football athletes [65], while another study [57] 
found that self-reported cognitive or memory 
problems were associated with a protracted 
recovery.
In contrast to the aforementioned studies iden-
tifying the predictive value of individual symp-
toms, other researchers report that an overall 
symptom burden may best predict protracted SRC 
Fact Box 2
Loss of consciousness (LOC), post- 
traumatic amnesia (PTA), and concussion 
recovery:
• Less than 10% of athletes that sustain a 
concussion will experience LOC.
• College and high school athletes that 
experience LOC demonstrate recovery 
lasting longer than 7 days.
• Less than 30% of athletes that sustain a 
concussion will experience PTA.
• College and high school athletes that 
experience retrograde amnesia demon-
strate longer recovery time.
• Professional football athletes that expe-
rience retrograde and anterograde amne-
sia demonstrate recovery lasting longer 
than 7 days.
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recovery [38, 71, 72]. Meehan and colleagues 
[72] examined predictors of protracted recovery 
in a sample of adults (>18 years) with concussion 
and reported that initial symptom burden (i.e., 
higher symptom total at first clinical visit within 2 
weeks of injury) was more predictive of a SRC 
recovery longer than 28 days than age, sex, con-
cussion history (personal and family), and 
migraine/headache history. These findings are in 
concordance with previous studies that also report 
initial symptom burden predicting recovery in a 
sample of pediatric patients with concussion [38].
54.9  Continuing to Play with SRC 
and Recovery
Recent studies have addressed the consequences 
of immediate removal from play following a sus-
pected SRC. Despite advances for the education 
of the signs and symptoms of SRC, athletes’ 
reporting behaviors have not changed [73, 74], 
and unfortunately many athletes continue to play 
with SRC. The immediate removal of an athlete 
from play following a suspected SRC is a critical 
first step in preventing additional trauma and cat-
astrophic outcomes (i.e., chronic impairment or 
second-impact syndrome) associated with con-
tinued exposure to head impacts. Researchers 
have reported that athletes continuing to play 
with SRC demonstrate a twofold increase in 
recovery time compared to athletes that were 
immediately removed from play [18]. Other 
researchers report that athletes not immediately 
reporting SRC symptoms to a medical profes-
sional and staying in the game took approxi-
mately 5 days longer to recover than athletes that 
did immediately report their symptoms [17]. In 
addition, removal from play status (i.e., removed 
or not removed) was the most robust predictor of 
prolonged recovery following SRC [18]. The 
concept that postponing removal from play 
delays recovery is consistent with research 
describing the brain’s window of vulnerability in 
the acute stage following SRC [35]. The immedi-
ate reporting of symptoms after a suspected SRC 
may give athletes the best chance to not experi-
ence a prolonged recovery [17].
Take-Home Message
• Overall, several of the proposed factors influ-
encing SRC recovery lack consistency in the 
literature or are simply understudied. Many of 
these discrepancies are due to the wide vari-
ability of research designs, sample selection, 
and instrumentation used to gather data on 
athletes with SRC.
• Despite the lack of consistent findings in 
research samples, sports medicine profes-
sionals should be aware of risk factors when 
managing athletes with SRC. Identifying and 
documenting athletes with presentations of 
secondary risk factors for SRC will assist in 
the management decisions and further inform 
RTP.
• The clinical benefits of successfully identify-
ing secondary risk factors can assist both the 
clinician and athlete in the navigation of the 
SRC recovery process, which is often charac-
terized by a path of uncertain and uncontrol-
lable recovery.
• As research into SRC risk factors continues 
to grow and new technology is developed, 
the documented influence of currently iden-
tified factors will increase, and new factors 
will emerge. It is important for the clinician 
to stay up-to-date with the current research, 
as updates in knowledge further inform 
accurate clinical presentation of SRC and 
influence treatment and management 
practices.
Fact Box 3
Removal from play and sport-related con-
cussion (SRC) recovery:
• Athletes with a SRC that continue to 
play demonstrate a 2× longer recovery 
than athletes with SRC that are immedi-
ately removed from play.
• Whether or not an athlete with SRC is 
immediately removed from play is the 
most robust predictor of prolonged 
recovery (≥21 days).
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55.1  Introduction
Regular physical activity (PA) is associated with 
numerous health benefits, including lower car-
diovascular and total morbidity and mortality [1]. 
Paradoxically, intense physical activity is associ-
ated with an increased risk of serious cardiac 
events, including sudden cardiac arrest/death 
(SCA/SCD), especially in subjects with an under-
lying (also subclinical) cardiovascular disease. In 
fact, intense PA may act as a trigger of adverse 
cardiac events. The cause of exercise-related 
SCD is age dependent, with inherited/congenital 
diseases, including cardiomyopathies and ion- 
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channel disease, being the major cause in athletes 
<25 years of age, while coronary artery disease 
(CAD) is almost exclusively the cause in 
>35-year-olds [2]. Cardiac screening has there-
fore globally been routinely recommended, since 
a number of years for younger athletes [3, 4], as 
well as for master athletes [5, 6].
After identification of a relevant cardiac condi-
tion, and the proper management according to 
established standards, follows the important clini-
cal decision of return to play (when? and if?). 
Some cardiac conditions, such as acute myocardi-
tis, may heal and allow return to play, while other 
cardiac conditions may be lifelong and invariably 
treatable. Some cardiac conditions are not even 
compatible with return to play. In the present 
chapter, we discuss a number of major cardiovas-
cular disorders encountered in athletes and the 
diagnosis, management, and recommendations on 
return to sport for the various conditions.
55.2  Clinical Symptoms
The main symptoms flagging serious underlying 
disease include exercise-related syncope and exer-
cise-related chest pain. The causes of these symp-
toms are most often benign, but they need to be 
further evaluated to exclude any relevant cardio-
vascular abnormality. For instance, syncope could 
be due to an underlying (primary) arrhythmia or to 
secondary arrhythmia related to myocardial isch-
emia (in CAD, cardiomyopathy, myocarditis). 
Myocardial ischemia is associated with exercise-
related chest pain, which is, however, a late and 
unreliable sign of ischemia. Therefore, exercise 
testing remains an important evaluation tool, in 
patients with suspected CAD/risk factors for CAD 
as well as in suspected structural heart disease, to 
unravel/provoke any exercise-related ischemia.
Syncope associated with exercise should be 
characterized as occurring during or after exer-
cise. Syncope occurring during exercise is an 
ominous sign and warrants a high index of suspi-
cion for underlying cardiac disease. A variety of 
structural disorders (cardiomyopathies, congeni-
tal coronary artery anomalies, aortic stenosis) 
and primary electrical diseases (Wolff-Parkinson- 
White (WPW), long QT syndrome (LQTS), and 
catecholaminergic polymorphic ventricular 
tachycardia (CPVT)) are all associated with syn-
cope in athletes. Thus, evaluation of syncope 
occurring during exercise requires a comprehen-
sive evaluation to rule out disorders predisposing 
to SCD before a return to sport is considered [7]. 
The diagnostic evaluation of exertional syncope 
includes an ECG, echocardiogram, stress ECG, 
and possibly advanced cardiac imaging such as 
MRI or CT and/or prolonged ECG monitoring.
Arrhythmogenic syncope usually occurs dur-
ing exercise (not post-exercise) and typically 
presents with abrupt loss of consciousness with-
out premonitory symptoms. Secondary injury is 
common as individuals are unconscious before 
they hit the ground and cannot protect their head. 
Syncope is typically brief, and upon awakening 
most individuals feel normal quite quickly, a 
quality which distinguishes malignant syncope 
from neurocardiogenic syncope. Syncope during 
exercise can also occur because of left ventricular 
outflow tract obstruction from hypertrophic car-
diomyopathy or aortic stenosis. Syncope associ-
ated with exertional outflow obstruction typically 
occurs during peak exercise and may have a brief 
period of light-headedness prior to collapse.
Post-exertional syncope, occurring while 
standing in a huddle or after the finish line, is 
typically neurocardiogenic [8–11]. In neurocar-
diogenic syncope, also known as vasovagal syn-
cope, premonitory symptoms are common and 
include light-headedness, dizziness, flushing, 
nausea, tunnel vision, and profuse sweating. The 
individual typically slumps to the ground, not 
completely unconscious, and is most often able 
to avoid injury. Syncope episodes are short-lived; 
however, following the episode, individuals often 
have a prolonged period of nausea and fatigue. 
Athletes with neurocardiogenic syncope should 
be questioned regarding other cardiovascular 
symptoms or a relevant family history of cardiac 
disease and an ECG performed. If the presenta-
tion is consistent with neurocardiogenic syncope, 
the ECG is normal, and there are no other clinical 
features of concern, additional evaluation is not 
necessary and prompt return to play is allowed.





Hypertension is one of the most important modi-
fiable risk factors for cardiovascular morbidity 
and mortality [12], and blood pressure (BP) mea-
surement is a vital part of cardiac screening rec-
ommendations in competitive athletes. Essential 
hypertension, which is the result of a complex 
combination of genetic predisposition and life-
style factors, including physical inactivity, affects 
most hypertensives. Approximately 5% suffer 
from secondary hypertension, caused by a variety 
of disorders, such as coarctation of the aorta 
(must be ruled out by thorough clinical palpation 
of femoral pulses), renal artery stenosis, 
Cushing’s syndrome, or pheochromocytoma 
[13]. Different medications/drugs including non-
steroidal anti-inflammatory drugs (NSAIDs), 
corticosteroids, and/or erythropoietin (doping) 
could also increase BP [13, 14]. Importantly, the 
use of anabolic steroids has also been shown to 
be associated with increased blood pressure [15] 
and must be ruled out in young athletes with 
hypertension. Exercise-induced cardiac adapta-
tion may add to the hypertrophy secondary to 
hypertension, possibly aggravating negative 
long-term effects [16].
The prevalence of hypertension in athletes var-
ies greatly, with figures ranging from 7% [17] to 
19% [18], or even higher, possibly due to varying 
study quality [19]. As more and older (master) 
athletes take part in various competitions, the 
prevalence will increase [20]. Masked hyperten-
sion, being unmasked by ambulatory blood pres-
sure recordings, possibly affects 1/3 of middle-aged 
runners [21].
55.3.2  Diagnosis
The diagnosis of hypertension requires repeated 
measurements of >140 mmHg systolic and/or 
90 mmHg diastolic blood pressure (BP), per-
formed in a standardized manner, with the 
patient in a sitting position [13]. Ambulatory 
blood pressure measurements (24-h blood pres-
sure) use a 5–10 mmHg lower cutoff value as 
abnormal [13, 22]. Secondary hypertension 
must be ruled out, and the total risk of CVD of 
each individual has to be assessed. The total risk 
of the individual with hypertension is dependent 
on the actual blood pressure level, on the exis-
tence of other cardiovascular risk factors (total 
risk), and on the presence of any target organ 
damage (eyes, kidneys, heart; TOD) [23]. 
Exclusion of TOD is especially important in 
athletes and includes ophthalmological evalua-
tion, kidney tests (creatinine, albuminuria), and 
ECG and echocardiography (left ventricular 
hypertrophy).
55.3.3  Management
Treatment of hypertension in athletes is typically 
the same as for nonathletes [23]. Specific consid-
eration must be taken, as some of the antihyper-
tensive drugs may interact with physical 
performance. Beta-blockers, no longer being the 
first-line treatment for hypertension in the 
absence of other cardiac disease, are associated 
with a lowering of maximal pulse during activity, 
of up to 30 beats/min [24], leading to a lower 
maximal exercise capacity [24]. In addition, beta- 
blockers are prohibited in some sports (shooting, 
archery) by the World Anti-Doping Agency 
(WADA). Diuretics may lead to dehydration in 
exercising individuals, especially in warm tem-
peratures, and may lead to hypokalemia (12) and 
are also included in the WADA prohibited (dop-
ing) list. Calcium channel blockers may increase 
the risk of excessive vasodilation and accompa-
nying hypotension, post-exercise [23]. The ACE 
inhibitors and angiotensin blockers (ARBs) may 
have similar effects, especially in a warmer tem-
perature, but are still the preferred treatment in 
active individuals [23].
At BP follow-ups, the athlete should be 
reevaluated for any emerging additional risk fac-
tors and TOD. Any reversal/aggravation of exist-
ing TOD should be assessed by regular kidney 
testing as well as by ECG/echocardiography. 
Sports eligibility and medications should be re-
reviewed regularly.
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55.4  Coronary Artery Disease
55.4.1  Background
Coronary artery disease (CAD) is a progressive, 
atherosclerotic disease of the coronary arteries 
[26]. The symptoms include effort-related 
angina, dyspnea, palpitations, light-headedness, 
or syncope, but more diffuse symptoms or even 
subclinical disease is common. Regular physi-
cal exercise reduces the risk of developing 
CAD. However, the risk of sudden cardiac death 
(SCD) is increased by (could be triggered by) 
vigorous exertion [27]. Physical activity and 
competitive sport participation should, there-
fore, be individually tailored in patients with 
CAD [28].
A: Low dynamic B: Moderate dynamic C: High dynamic
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Fig. 55.1 Classification of sports (dynamic a–c and 
static a–c), adapted and modified after Mitchell [25]. This 
classification is used to define the dynamic and static 
components of different sporting disciplines, to aid the 
clinician regarding eligibility and return to play
Fact Box 1 Return to play—hypertension
• All sports are permitted in athletes with 
a well-controlled BP (by lifestyle and/or 
medical treatment), who have no added 
risk and where no target organ damage 
(TOD) can be shown [23].
• In athletes with moderate added risk, 
high static, high dynamic sports (IIIC) 
(according to Fig. 55.1) is not recom-
mended [23].
• In case of proven kidney, eye, or heart 
TOD, elite sports activity may not be 
recommended [23].
• In case of a blood pressure >200/115, 
sporting activity is contraindicated, and 
medical therapy should be instigated, 
before sports is re-considered [23].




The detection of CAD has traditionally been based 
on the presence and levels of major risk factors (risk 
factor profile) and exercise testing, with the diagno-
sis being confirmed by coronary angiography. 
During recent years, cardiac biomarkers (e.g., 
hsCRP, nt-proBNP, troponins) and novel cardiac 
imaging techniques (e.g., calcium score (CAC), car-
diac CT, and cardiac MRI) are increasingly used in 
assessing the presence of subclinical CAD and the 
risk of cardiac events. However, the traditional stress 
tests (e.g., exercise tests, using cycle ergometry or 
treadmill) or stress echocardiography still plays a 
central role in diagnosing ischemia. In athletes, exer-
cise testing has the advantage of being widely avail-
able and providing additional functional information 
on maximal exercise capacity, on blood pressure 
response, and on exercise-induced arrhythmias. 
However, it has a low sensitivity in less advanced 
cases of CAD, partially due to the limited diagnostic 
value of a submaximal exercise test [29–31].
55.4.3  Management
CAD in athletes is managed according to interna-
tional standards for all patients with CAD, 
including antianginal and antithrombotic therapy. 
Regular PA is recommended at an individual 
level for all subjects [29], while sporting activity 
may be restricted [32]. Some medications could 
also be on the WADA list of prohibited drugs 
(diuretics and beta-blockers for certain sports).
55.4.4  Return to Play
Eligibility is primarily based on the presence or 
absence of CAD and myocardial ischemia but also 
on the type and volume of competition/sport, the 
fitness level of the individual, as well as on the cur-
rent risk factors, i.e., glucose, blood pressure, and 
cholesterol [5, 33, 34]. As a general principle, a 
competitive athlete with suspected, but not con-
firmed, CAD should be assessed by a truly maximal 
exercise stress test (Borg > 18, RER > 1.1, 
Lactate > 8 mmol/l). In those athletes who intend to 
perform exercise with a high volume and high 
intensity in training or competition, ischemia should 
also be ruled out by additional stress imaging.
The risk of patients with CAD can be stratified 
into having “lower” or “higher” probability of 
adverse cardiac events, according to criteria, which 
include coronary angiography, echocardiography/
other imaging, and exercise test variables.
In recent years, the development of new eligi-
bility criteria for athletes with CAD has been dis-
cussed. In the future, as the scientific knowledge 
on risk stratification increases, the recommenda-
tions may become less limiting and allow for more 
sporting activity on an individual basis (Fig. 55.1).
Fact Box 2 Return to sport—coronary artery 
disease (CAD)
• The current recommendations from the 
European Society of Cardiology are only 
low static, lowmoderate dynamic type of 
competitive sports (I A-B) (Fig. 55.1), in 
patients with established CAD, having a 
lower probability for adverse events. The 
American Heart Association may allow 
all sports in patients with clinically man-
ifest CAD, if the resting ejection fraction 
is above 50%, they are asymptomatic, 
and they have no inducible ischemia or 
electrical instability [35].
• Patients with CAD, having a nornal exer-
cise test, but a diminished left ventricular 
ejection fraction of 45–55% (higher prob-
ability for adverse events), although not 
eligible for sports participation, may be 
eligible for low or moderate intensity 
activities [32]. However, exercise training 
at a level with no ischemia is recom-
mended [36], with the threshold being 
self-monitored by the patient, for example 
with a heart rate monitor or rate of per-
ceived exertion (RPE).
• Eligibility assessment should always 
include advise on fitness and training 
and periodical reevaluation. The success 
of the risk factor modification may influ-
ence the frequency of examinations.





For many years, myocarditis was considered to be 
the main cause of sudden cardiac death in athletes. 
With emerging knowledge, this number is now 
approximated to 3–6% of SCDs in young athletes 
[37]. Acute myocarditis is defined as an inflamma-
tion of the myocardium (heart muscle), with 
accompanying necrosis. The cause is mostly viral 
infection, but myocarditis may also be secondary 
to a variety of other disorders, including systemic 
disease, malignancy, kidney disease, and toxicity.
Physical activity during an ongoing infection 
will increase the risk of acute myocarditis. 
Different viruses have different propensity to 
affect the heart, i.e., being more or less cardiotro-
phic. Coxsackie B, adenovirus, parvovirus (fifth 
disease), cytomegalovirus, and Epstein-Barr 
viruses are more prone to cause myocarditis, 
while the virus causing the “common cold,” rhi-
noviruses, is considerably less prone. This is the 
reason for variations in clinical recommendations 
regarding return to play, during infections. 
Gastroenteritis, for instance, is typically caused 
by viruses more prone to cause myocarditis, than 
the ones causing the common cold.
The myocardium is damaged by both direct 
toxic effects of the virus but also by more chronic 
inflammatory reactions, including autoimmune 
necrosis and fibrosis. This may lead to a variety 
of arrhythmias (supraventricular and/or ventricu-
lar), in up to 50% of cases, or even sudden car-
diac death. Most often acute myocarditis will 
heal without any residual symptoms, but around 
1/3 will experience scar tissue/fibrosis, with 
increased risk for arrhythmias [38]. A smaller 
subset may experience a long-term decrease in 
cardiac function, i.e., dilated cardiomyopathy.
55.5.2  Diagnosis
The clinical symptoms of acute myocarditis 
include tiredness/malaise, effort-related dyspnea, 
palpitations, and/or (diffuse) chest pain. More 
seldom the initial presentation may be syncope or 
sudden cardiac arrest, due to arrhythmia [39]. 
The clinical diagnosis is established by a combi-
nation of symptoms, ECG changes, increased 
biochemical markers, and cardiac echocardiogra-
phy. Virus serology and/or PCR and additional 
imaging with multislice CT and cardiac MRI 
have an increasing role. Myocardial biopsy, how-
ever, has a low sensitivity and is invasive and 
therefore has a limited role.
55.5.3  Management
Acute myocarditis in an athlete is treated in the 
same way as for any patient, depending on the 
degree of cardiac dysfunction and on the symp-
toms. The management includes arrhythmia 
detection and management, treatment of any car-
diac insufficiency, and proper restrictions of 
sporting activity.
The development of cardiac imaging by MRI, 
and late gadolinium enhancement, has made it 
possible to unveil cardiac fibrosis and its extent in 
a subset of patients with previous acute myocar-
ditis [40]. At present, it is not possible to deter-
mine if the sporting activity does contribute to 
any observed changes by itself, or in combination 
with a previous myocarditis, and/or a genetic 
predisposition contributes. The right ventricular 
dysfunction seen in extreme elite cyclists, for 
instance, could be an example of acquired heart 
dysfunction, where the role of acute myocarditis 
remains unknown. However, independent of the 
cause, the presence of fibrosis increases the future 
risk of arrhythmias in these athletes [38].
Fact Box 3 Return to play—acute 
myocarditis
• The international Cardiac Societies 
agree on 6 months absence from com-
petitive sports after the diagnosis of 
myocarditis is established [32].
• After this period the athlete could resume 
training, provided no symptoms remain, 
and if no arrhythmias or symptoms on 
maximal exercise testing and with a nor-
malized cardiac echocardiography.
• Sometimes a long-term ECG (Holter) is 
required to show the absence of 
arrhythmias.
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Ventricular preexcitation occurs when an acces-
sory pathway bypasses the atrioventricular (AV) 
node resulting in abnormal conduction to the 
ventricle (preexcitation) with shortening of the 
PR interval and widening of the QRS. This dis-
plays on the electrocardiogram (ECG) as the 
Wolff-Parkinson-White (WPW) pattern.
The WPW pattern occurs in approximately 
1/1000–4/1000 athletes [41–44]. The presence of an 
accessory pathway can predispose an athlete to sud-
den death if the athlete also goes into atrial fibrilla-
tion as rapid conduction across the accessory 
pathway can result in ventricular fibrillation (VF). 
The risk of sudden death associated with asymptom-
atic WPW in adults is approximately 0.1% per year 
[45] with children and younger adults having higher 
risk of sudden death [46–48]. WPW accounted for 
only 1% of cardiovascular deaths in a long-term reg-
istry of sudden death in athletes [49]. However, 
WPW also may account for a proportion of autopsy-
negative sudden unexplained deaths. Athletes with 
WPW may present with symptoms of palpitations, 
near- syncope, or syncope. Symptomatic patients 
found to have WPW pattern on ECG are classified as 
having “WPW syndrome.”
55.6.2  Diagnosis
WPW pattern on ECG is defined as a short PR inter-
val (<120 ms), the presence of a delta wave (slurring 
of the initial QRS), and a wide QRS (>120 ms) 
(Fig. 55.2) [50]. In some instances, the QRS dura-
tion is <120 ms, but a short PR interval and delta 
wave are still present and signify WPW pattern. 
WPW should be differentiated from an ectopic 
atrial rhythm with a short PR interval (without a 
delta wave) that is a common finding in athletes.
55.6.3  Management
Asymptomatic athletes with WPW pattern war-
rant further assessment of the refractory period of 
the accessory pathway and should be investigated 
for the presence of a low- or high-risk accessory 
pathway [51–54]. Intermittent preexcitation dur-
ing sinus rhythm on a resting ECG is also consis-
tent with a low-risk pathway and may eliminate 
the need for an exercise test [55].
Fig. 55.2 ECG shows WPW pattern (ventricular preex-
citation) with the classic findings of a short PR interval 
(≤120 ms), delta waves (red arrows), and wide QRS 
(≥120 ms). Other associated findings suggestive of WPW 
pattern include a large Q wave in lead III (circle) and lack 
of a Q wave in V6 (black arrow)
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If stress testing cannot confirm a low-risk 
pathway or is inconclusive, electrophysiology 
testing should be considered. Young athletes with 
a high-risk pathway should proceed with trans-
catheter pathway ablation [51, 52]. An echocar-
diogram is also indicated due to the association 
of WPW with cardiomyopathy, for example [56].
Some physicians may recommend electro-
physiological studies in all competitive athletes 
with WPW pattern involved in moderate or high 
intensity sport irrespective of the results of the 
exercise stress test. This is based on the premise 
that high catecholamine concentrations during 
intensive exercise may modify the refractory 
period of an accessory pathway in a way that can-
not be reproduced during stress testing.
55.7  Long QT Syndrome
55.7.1  Background
Congenital long QT syndrome (LQTS) is a poten-
tially lethal genetic ventricular arrhythmia syn-
drome with the hallmark ECG feature of QT 
prolongation. Symptoms if present may include 
syncope, seizures, or aborted cardiac arrest/sudden 
death from torsades de pointes (type of ventricular 
tachycardia) and ventricular fibrillation (VF). The 
pathophysiology of LQTS involves gene mutations 
that cause delayed ventricular repolarization. 
LQTS is estimated to affect 1 in 2000 individuals, 
but this prevalence does not include gene-positive 
“concealed” LQTS with a normal QT interval [57].
Autopsy-negative sudden unexplained death 
represents 25–44% of sudden unexpected deaths 
in persons under the age of 40 years [26, 58–61]. 
In sudden death cases that lack structural autopsy 
findings, cardiac ion channelopathies have been 
implicated by postmortem genetic testing as the 
probable cause in up to 25–35% of cases in 
selected cohorts [59, 62–64]. Thus, LQTS may 
be a more common cause of SCA/SCD than pre-
viously thought.
55.7.2  Diagnosis
In asymptomatic athletes, QTc values ≥470 ms in 
males and ≥480 ms in females define the abnormal 
cutoff of QT prolongation that warrants further 
evaluation [52]. It is critical that an athlete with a 
single screening ECG with QTc values above these 
thresholds is not given a diagnosis of LQTS but 
rather referred to further in-depth evaluation.
Accurate measurement and manual confirma-
tion of the computer-derived QT interval corrected 
for heart rate (QTc) are critical. Most ECG devices 
utilize Bazett’s heart rate correction formula 
(QTc = QT/√RR; RR interval measured in sec-
onds) [65]. Importantly, Bazett’s formula loses 
accuracy at slow and fast heart rates <50 or >90 bpm.
To properly perform a manual QT measure-
ment, leads II and V5 usually provide the best 
delineation of the end of the T wave, using the 
“teach-the-tangent” or “avoid-the-tail” method to 
determine the end of the T wave [66].
55.7.3  Management
Athletes with a prolonged QTc (≥470 ms in 
males; ≥480 ms in females) should have a repeat 
resting ECG a few days later. The athlete should 
be questioned in terms of the use of any 
QT-prolonging medications, symptoms (exercise-, 
emotion-, or auditory-triggered syncope or sei-
zure), and family history (unexplained syncope, 
seizures, sudden cardiac arrest, and unexplained 
drowning or motor vehicle accident) [52].
Fact Box 4 Return to play—WPW
• Athletes with WPW pattern in which a 
low risk accessory pathway is deter-
mined by stress testing (abrupt and com-
plete loss of preexcitation at higher 
heart rates) can return to sport without 
limitations [53, 54].
• Exercise should be restricted for 1 week 
after catheter ablation, and a repeat ECG 
performed 1 week after the ablation. If 
the WPW pattern is still resolved and 
there are no recurrent symptoms (if pre-
viously present), the athlete may return 
to sport without limitation.
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Athletes with an abnormally prolonged QTc 
should be referred to a heart rhythm specialist or 
sports cardiologist for further evaluation of possi-
ble congenital LQTS. A combination of personal 
symptoms, family history, ECG features, stress-
ECG, and genetic testing (summarized in scoring 
systems), may be needed to [67–69].
Management of LQTS involves an extensive 
counseling to avoid QT-prolonging medications 
and ensure proper hydration and electrolyte bal-
ance with exercise, use of β-blockers, consider-
ation of an implantable cardioverter defibrillator 
(ICD) or left cardiac sympathetic denervation, 
and discussion of safe activity recommendations.
55.7.4  Return to Play
Once a diagnosis in which expert guidelines rec-
ommended exclusion from competitive sports 
for all athletes with LQTS [32, 70], recent stud-
ies have demonstrated the safety and effective-
ness of individualized management and an 
informed decision-making model. Return to play 
decisions should occur within a structure that 
emphasizes a comprehensive evaluation, exten-
sive patient/family counseling, prudent medical 
management for risk reduction, and informed 
decision-making [71].




Catecholaminergic polymorphic ventricular 
tachycardia (CPVT) is an inherited arrhythmia 
disorder characterized by ventricular ectopy 
induced by exercise or emotional stress. If 
untreated, approximately 30% of individuals 
experience cardiac arrest and up to 80% have 
at least one episode of syncope [73]. The preva-
lence of CPVT is estimated at 1 in 10,000 persons 
[74]. The incidence of SCD in athletes related to 
CPVT is not known.
55.8.2  Diagnosis
CPVT should be considered in any person who 
experiences syncope during exercise or extreme 
emotion, particularly in children who experience 
repeated episodes of syncope with exercise. A 
resting ECG is typically normal in patients with 
CPVT. Thus, exercise stress testing is a requisite 
test for the diagnosis of CPVT [75].
55.8.3  Management
The mainstay of treatment for patients with 
CPVT is β-blockers which significantly reduce 
the risk of cardiac events [76, 77]. Other antiar-
rhythmic may be effective in further reducing 
Fact Box 5 Return to play—long QT 
syndrome
• For an athlete with LQTS, competitive 
sports participation may be considered 
assuming appropriate precautionary 
measures and disease-specific treat-
ments are in place and the athlete has 
been asymptomatic on treatment for at 
least three months [72].
• For asymptomatic athletes who are 
genotype- positive/phenotype-negative, 
a return to all competitive sports is 
allowed assuming appropriate LQTS 
precautionary measures [72].
Fact Box 6 Return to play—CPVT
CPVT is the channelopathy most vulnerable 
to exercise-triggered arrhythmias and break-
through events despite β-blocker therapy. 
Thus, vigorous exercise and competitive 
sports should be approached with caution.
• For an athlete with CPVT, participation 
in competitive sports is generally not 
recommended except for class IA sports 
[72, 79] (Fig. 55.1).
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ventricular arrhythmias [78]. Consideration of an 
ICD or left cardiac sympathetic denervation is 
also common. Genetic testing is recommended in 




Cardiomyopathies include a number of 
inherited, progressive heart muscle diseases, 
hypertrophic cardiomyopathy (HCM), 
arrhythmogenic right ventricular cardiomy-
opathy (ARVC), and non- compaction cardio-
myopathy, which all are associated with an 
increased risk of arrhythmia and SCA, in 
association with exercise [32]:
• The most common of the cardiomyopathies 
is HCM, with a prevalence of about 1/500 in 
grown-ups. The absolute annual risk of 
death in asymptomatic individuals with 
HCM is approximately 0.5% in adults and 
3.5% in children [80]. HCM is the most 
common cause of SCD in the USA [49] 
especially in the young athletes. HCM is 
also the cardiomyopathy most likely to be 
picked up by screening. Indeed, the 
decreased mortality in Italian competitive 
athletes has been in parallel with a decrease 
in death from HCM, in the same geographic 
region [81].
• ARVC, typically autosomally dominantly 
inherited, is more uncommon, with a preva-
lence of about 1/2500–5000, but remains a 
significant cause of SCD also in countries 
with mandatory screening [81].
• Finally, non-compaction cardiomyopathy, 
with unknown prevalence, has recently been 
highlighted as a differential diagnosis to ath-
letic adaptation to training [82]. However, 
established non-compaction cardiomyopathy 
is considered as having an increased risk of 
arrhythmias and SCA, in line with the other 
cardiomyopathies.
55.9.2  Diagnosis
HCM is typically diagnosed by a combination of 
symptoms, family history, and electrocardio-
graphic changes. The diagnosis is then confirmed 
by echocardiography, complemented by cardiac 
MRI if needed.
ARVC is much more difficult to pick up in 
screening. International recommendations 
highlight family history, symptoms of palpita-
tions, syncope, or chest pain during exercise 
and verified arrhythmias, various ECG changes 
at rest, echocardiographic findings, and cardiac 
MRI as the key to diagnosis [83]. Genetic test-
ing is useful, to identify the mutation, mainly 
in established cases of cardiomyopathy.
Non-compaction cardiomyopathy is also iden-
tified by echocardiography and MRI and has to 
be distinguished from the physiologic adaptation 
to training (and pregnancy) causing hypertrabec-
ulation of the left ventricle [84]. All cases of sus-
pected cardiomyopathy should also be assessed 
for any associated arrhythmias with exercise test 
and long-term ECG recordings.
Importantly, physiologic adaptation to long- 
term intensive exercise, i.e., “athlete’s heart,” may 
mimic cardiomyopathy [3]. Echocardiography, 
alone or in combination with cardiac MRI, may 
Fact Box 7 Return to play—cardiomyopathies
• As the risk of SCA is increased in indi-
viduals with established cardiomyopa-
thy (HCM, ARVC, and non-compaction 
cardiomyopathy), competitive sports is 
not recommended, by either American 
Heart Association (AHA) or European 
Society of Cardiology (ESC) [4, 32].
• Gene-positive but-phenotype negative 
athletes with ARVC are also not advised 
to continue competitive sports at pres-
ent, while for HCM-gene carriers, with-
out evidence of disease, the current 
recommendations are divided, with the 
AHA allowing sports, with continuous 
follow-up, in individual cases [4].
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distinguish between these entities, but a “gray 
zone” may remain, needing further assessment 
by family screening, exercise testing, and even 
deconditioning (stop training) in some cases.
55.9.3  Management
Cardiomyopathies are managed according to 
international standards, including risk stratifica-
tion and symptomatic treatment of any associated 
arrhythmias [83]. Family screening is mandatory, 
and arrhythmia protection by ICD has to be con-
sidered. Exercise typically has to be restricted.
55.10  Summary
While regular physical activity is associated 
with numerous health benefits, intense physical 
activity, somewhat paradoxically, is associated 
with an increased risk of serious cardiac events, 
including sudden cardiac arrest/death (SCA/
SCD), especially in subjects with an underlying 
(also subclinical) cardiovascular disease.
After identification and management of a rele-
vant cardiac condition follows the important clini-
cal decision of return to play. Some cardiac 
conditions, such as acute myocarditis, may heal and 
allow return to play, while other cardiac conditions 
may be lifelong and invariably treatable. Some car-
diac conditions are not even compatible with return 
to play. The ultimate decision of return to play after 
cardiac conditions should be made in collaboration 
with a recognized expert in the field.
Take-Home Message
• While regular physical activity is associated 
with numerous health effects, high-intensity 
activity (sports) may act a trigger for serious 
cardiac events, especially in individuals with 
underlying (also silent) cardiovascular 
disease.
• The aim of cardiac screening is to identify ath-
letes at risk, i.e., those having a relevant 
underlying cardiac condition.
• Treatment and management of cardiac condi-
tions in athletes are according to established 
protocols, similar to nonathletes. In athletes, 
the clinician has to take into consideration if 
the medication is on the WADA list and the 
possible effect of sporting activity on the 
progress of the underlying disease.
• Return to play decisions after cardiac condi-
tions should always be taken in association 
with relevant expertise and according to inter-
national recommendations for eligibility.
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56.1  Introduction
Acute illness, specifically infective illness, is a sig-
nificant health concern for recreational and elite 
athletes. An acute illness may prevent participa-
tion in training sessions or important competitions. 
Also in the football player, the pathophysiological 
consequences of an acute infective illness not only 
reduce exercise performance but also increase the 
risk of serious medical complications, including 
sudden death [1–5]. Some recommendations have 
been produced that can aid the sports medicine 
physician in return to play (RTP) decisions after 
illness but also to prepare the athlete to act in a 
more preventive manner.
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56.2  Scope of the Problem: 
Epidemiology
Adults suffer on average from one to six episodes 
of an acute infection per year. The epidemiology 
of acute illness in elite level athletes has been 
studied in a variety of settings, mainly during 
major tournaments and in different sports includ-
ing swimming, rugby and football [6]. Six to sev-
enteen percent of registered athletes participating 
in major international games and tournaments of 
shorter duration (<4 weeks) are likely to suffer an 
acute illness episode. There are some data indi-
cating that higher-risk subgroups are (1) female 
athletes, (2) athletes participating in winter sports 
(e.g. Olympic and Paralympic Games), (3) ath-
letes with disability [7–9] and (4) athletes partici-
pating in more prolonged tournaments or 
competition [10]. Data from these studies consis-
tently show that the most common system 
affected by acute illness is the respiratory tract, 
followed by the gastrointestinal system and the 
dermatological system [11, 12]. Scarce data 
exists on the incidence and aetiology of acute ill-
ness of athletes outside the major tournaments 
and competitions, i.e. in their home setting. 
Studies exclusively in football players show that 
the respiratory and gastrointestinal tracts are the 
most common systems affected by illness, during 
the studied tournaments. During the 2009 
Confederations Cup, the incidence of illness was 
16.9 per 1000 player days, with the respiratory 
tract (RT) accounting for over 50% of all illness 
(the ear, nose and throat = 37%; other respiratory 
tract = 20%) [12]. Similarly, during the 2010 
FIFA World Cup, respiratory illness was the most 
common medical condition affecting football 
players (40% of all illness) [11].
56.3  Risk Factors Associated 
with Acute Illness in Athletes
There are many intrinsic and extrinsic risk factors 
that are being linked to acute illness in athletes, 
with varying degree of scientific support. Risk 
factors for acute illness can differ between differ-
ent organ systems.
56.3.1  General Intrinsic Risk Factors 
Associated with Acute Illness 
in Athletes
56.3.1.1  Immune System Changes
An extensive body of literature describes the 
relationship between exercise and the immune 
system. The main theory is that a transient or 
more prolonged immune depression postexercise 
may contribute to the pathophysiology and risk 
of acute illness [13–18]. Indeed, changes in a 
variety of immune system components following 
a single intensive exercise session have been 
observed. Postexercise immune changes may be 
most pronounced when the exercise session is 
>90-min long and the intensity is 55–75% of 
maximum oxygen uptake (VO2Max) [13], while 
other data indicate that a session longer than 
60 min at an intensity >80% of maximum ability 
causes a depression in the immune system [19]. 
Observed changes include an increase in circulat-
ing neutrophils [3, 15, 20], a decrease in the lym-
phocytes [3, 15], a decrease in neutrophil function 
(oxidative activity and phagocytic capacity) for 
1–3 days after the exercise session [3, 15, 17], a 
reduction in natural killer (NK) cell numbers and 
cytotoxic activity [3, 13] as well as a decrease in 
the salivary IgA concentrations [3, 17, 21]. 
Furthermore, there is an increase in the neutro-
phil/lymphocyte ratio (used as a predictor of 
stress to the immune system) for most of the fol-
lowing days after a heavy exercise session [22]. 
A 20% reduction in plasma glutamine concentra-
tion may occur, while there is conflicting  evidence 
regarding T-cell function [3, 23]. The existing 
studies are typically in endurance type of sports, 
while strength sports have been less studied, in 
this regard.
A single bout of exercise thus results in 
changes in various immune parameters, typically 
lasting for 3–72 h. This period is known as the 
“open window” and has been widely proposed to 
reflect a time of “dysfunction” of the immune 
system, during which the athlete may be predis-
posed to viral and bacterial infections [1, 3, 21, 
23]. However, the clinical relevance of the 
observed changes is still debated. Despite evi-
dence that certain immunologic parameters 
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change after strenuous exercise sessions, there is 
a lack of evidence of a direct link between the 
altered immune parameters and an increased 
incidence for URT illness, postexercise [3, 13, 
24, 25]. The reason for this lack of evidence may 
be that some of the observed changes are physi-
ological, as part of the acute-phase (inflamma-
tory) response to training [26]. In addition, it has 
also been shown that overtraining leads to 
immune suppression, which may render the ath-
lete susceptible to an acute URT illness [19, 27]. 
Clinically, reports of elite athletes experiencing 
repeated colds could also be due to the fact that 
an elite athlete will be relatively more affected by 
an ordinary cold than the average person who has 
less demand on maximal performance in every-
day life.
56.3.1.2  A History of a Recent Acute 
Illness
In one prospective cohort study conducted during 
the Stockholm Marathon, 33% of athletes who 
experienced an URT illness in the 3-week period 
prior to the race developed an URT illness in the 
3-week period after the race [28]. This was sig-
nificantly greater than the 16% of athletes who 
did not have an acute illness prior to the marathon 
race. These data suggest that strenuous exercise 
too soon after an acute illness may be a risk factor 
to develop a subsequent illness. Alternatively, it 
may reflect that the athlete may have had a sub-
clinical disease during the race, being aggravated 
by exercise.
56.3.1.3  Female Gender
Some evidence suggests that female athletes are 
at higher risk of an acute illness. In one prospec-
tive cohort study, 210 endurance athletes (63 
females and 147 males) completed a self-reported 
health questionnaire on a daily basis for 16 weeks 
[29]. The proportion of participants who experi-
enced one or more periods of URT illness symp-
toms was 40% in males and 52% in females, with 
the mean duration of URT illness symptoms 
being longer in female athletes (15.5 days vs. 
11.6 days, p = 0.024).
Similarly, in the 2012 Winter Youth Olympic 
Games (N = 1021), the incidence of acute illness 
was 84.2 per 1000 athletes [30], with 6% of male 
athletes and 11% of female athletes suffering 
from an illness (p = 0.003). During the 2012 
Summer Olympic Games, similar figures were 
found [8], with an overall illness incidence of 
71.7 per 1000 athletes, with females again having 
a higher incidence (8.6% vs. 5.3%).
56.3.1.4  Body Mass Index
There are limited data to suggest that an increased 
body mass index (BMI) raises an athlete’s risk to 
develop an acute illness. In one prospective 
cohort study, illness patterns were studied in 530 
runners who completed a monthly log for 12 
months. The results of this study showed that a 
higher BMI was associated with an increased risk 
to develop an URT illness [31].
56.3.2  General Extrinsic Risk Factors 
for Acute Illness in Athletes
56.3.2.1  Training Load
Individuals that engage in regular moderate exer-
cise (50–70% of maximum ability, 30–60 min 
per session, 3–5 sessions per week) have a lower 
incidence of symptoms of URT illness compared 
with sedentary individuals [3]. On the other hand, 
regular, intense and prolonged exercise bouts 
may result in a chronic depression of the immune 
system, possibly increasing the risk of illness.
Historically, the relationship between the 
training load (“dose”) of exercise and the risk of 
acute illness was reported as a “J-shaped” curve 
[2, 32–35]. However, more recently it has been 
suggested that the J-shaped relationship between 
absolute training load and illness is not necessar-
ily applicable to elite athletes [36], as data from a 
number of recent studies show that high absolute 
training loads in international-level [37–39] and 
medal-winning athletes [40] are associated with a 
lower risk of illness compared with sub-elite or 
national-level athletes [6].
In 2016, the relationship between illness risk 
and training and competition load was reviewed 
[6]. The main findings were that changes in both 
external (increased volume and intensity of train-
ing) and internal training load are associated with 
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an increased risk of illness. However, it is not yet 
possible to quantify which amount of training 
load increase is related to increased risk of a spe-
cific illness or in a specific sport.
56.3.2.2  Nutritional Factors
In general, immune cells require an adequate 
amount of glucose, protein, water and electro-
lytes to maintain normal function. Therefore, a 
well-balanced diet seems to be important for 
immune function. In a review of 66 placebo- 
controlled and/or crossover trials, it was con-
cluded that a poor nutritional status affects almost 
all aspects of the immune system [15]. More spe-
cifically, an unbalanced diet, training in a dehy-
drated state and excessive use of nutritional 
supplements may negatively affect immune 
function.
In addition, glucose is considered to be an 
important fuel substrate for various immune 
cells, including macrophages, lymphocytes and 
neutrophils. There is some evidence that frequent 
ingestion of a ≥6% carbohydrate solution (1 l/h) 
during prolonged or high-intensity exercise 
maintains blood glucose levels, which lead to an 
attenuated postexercise cortisol level, resulting in 
a less suppressed immune function [15]. The 
ingestion of the carbohydrate may also attenuate 
exercise-induced increases in the total leucocyte 
count and/or monocytes and neutrophils and 
cytokine changes, which are associated with a 
decreased immune function. It has also been doc-
umented that the immune function is suppressed 
during periods of low calorie intake and weight 
loss [32].
56.3.2.3  Other Extrinsic Risk Factors
If too few resting periods are applied between 
strenuous exercise sessions, the athlete is at an 
increased risk to develop an URT illness, as the 
immune function has insufficient time to recover 
from the perturbations caused by the strenuous 
exercise session [2, 3, 41]. Increased risk of ill-
ness has also been related to fatigue [20] and 
overtraining [2, 3, 5]. There is also evidence that 
other extrinsic factors such as alterations in nor-
mal sleep patterns and psychological stress can 
increase the risk of acute illness [22].
Nowadays the elite football player frequently 
travels to different locations throughout the world 
to participate in events lasting from a few days to 
weeks. These events are characterized by regular 
strenuous games with training sessions in- 
between. Matches are also scheduled at night 
causing sleep disturbances. Data from two stud-
ies show that during periods of travelling, players 
may be exposed to higher risk of acute illness 
[40, 42]. Different environmental conditions such 
as extremes of temperature, humidity, adverse 
atmospheric pollution, aeroallergen exposure and 
dietary changes may play a role. Travelling 
between the northern and southern hemispheres, 
athletes are exposed to different pathogenic 
organisms including seasonal viral influenza 
strains, which may increase the risk of develop-
ing an illness [42]. In addition, sports physicians 
travelling with teams to foreign destinations 
should be aware of general and location-specific 
vaccination requirements.
Fact Box 1 Risk factors for developing acute 
illness in athletes
Intrinsic factors Variable
Immune system Depression of immune system 
components
Medical history History of recent acute illness
Gender Female
BMI BMI > 75th percentile
Extrinsic factors
Training load High training volume
High training intensity
Nutrition Inadequate carbohydrate intake
Inadequate calorie intake
Exercise in dehydrated state
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56.4  Possible Sequelae 
to Infections
56.4.1  Fever
Fever is the symptom best known to any athlete 
or team physician, to make them aware of a pos-
sible ongoing infection. An infection will result 
in different degrees of response from the immune 
system. The hypothalamic thermoregulatory cen-
tre integrates afferent information from the 
periphery to regulate body temperature [43]. The 
core body temperature is normally kept within a 
range of 1–36.5–37.5 °C. Clinically, it is impor-
tant to note that rectal temperatures are slightly 
higher than oral temperatures, with the difference 
being about 0.5°C. Women may have cyclic vari-
ations in their body temperature, in association 
with the menstrual phases. Fever is defined as a 
temperature that exceeds the normal and is 
accompanied by a shift in the thermoregulatory 
control. Exogenous pyrogens, such as microbial 
toxins or viruses, bind to macrophages and trig-
ger the release of endogenous pyrogens (pyro-
genic cytokines such as interleukins, TNF, IFN-α) 
[44]. Both types of pyrogens increase the synthe-
sis of prostaglandin E2 (PGE2), which acts on 
the hypothalamus, via cyclic AMP, to adjust the 
thermoregulation upwards. Although fever is a 
physiologic response to an infection, it could also 
be the result of other immune stimuli, such as 
inflammation, malignancy or haemorrhagic 
stroke.
The potential complications during exercise 
due to fever are multiple. For several reasons, it 
may also be beneficial to treat the fever itself and 
not only the underlying cause. Especially, when 
the temperature is extremely high, approaching 
hyperpyrexia (>41.5°C), it is necessary to 
decrease the temperature by antipyretics, as the 
risk of complications is increased
56.4.2  Heat Stroke
Fever due to an infectious disease needs to be 
differentiated from hyperthermia (heat stroke) 
[45]. Heat stroke is defined as an increased 
body temperature, not caused by exogenous or 
endogenous pyrogens. The mechanism is an 
uncontrolled increase in body temperature due 
to excessive heat production (i.e. playing in a 
hot environment, without proper cooling). In 
this case, heat production may be faster than the 
combined peripheral loss of heat by sweating 
and respiration. This condition may be fatal, in 
extreme cases (>41–43°C) causing multi-organ 
dysfunction, including rapid liver and kidney 
failure (due to muscle necrosis) [46, 47], and is 
therefore important to distinguish from fever/
hyperpyrexia. Heat stroke is the most extreme 
form of heat-related illnesses, which also 
include heat exhaustion and muscle cramps. 
Importantly, antipyretics may be ineffective in 
reducing the temperature in hyperthermia.
Fact Box 2 Complications of fever during 
exercise
  • Fever is associated with systemic symptoms 
such as headache, myalgia and arthralgia
  • The body will be dehydrated – due to sweating 
and decreased ADH production [17]
  • Protein catabolism (amino acids for immune 
system components), decreased glucose 
availability and increased peripheral vascular 
resistance lead to nutritional deficiency and 
decreased muscle strength. Acute infectious 
disease may result in 5–15% decrease in 
isometric muscle strength, compared to bed rest 
[48]
  • Fever reduces stroke volume and cardiac output 
to an extent depending on the severity of the 
fever [5]. It also increases oxygen consumption 
and heart rate: for every 1°C body temperature 
rise above 37°C, there is a 13% increase in 
oxygen consumption, and for every 1.5°C 
increase in body temperature, the heart rate 
may increase by 2.44 beats per minute [5]. A 
febrile illness may also decrease the blood 
volume and total haemoglobin. Together, these 
changes can lead to as much as a 25% reduction 
in endurance capacity. Maximal aerobic 
performance and endurance capacity decreased 
by 13–18% as a result of illness [49]
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56.4.3  Reasons for Not Exercising 
During Infections
One of the most common clinical situations, in 
association with infection, is the question of the 
athlete’s availability for training and/or competi-
tion. Later we will discuss some specific infec-
tions, but there are some general considerations, 
which may be used in the discussion with the ath-
lete and the coach regarding the reasons for not 
exercising during infections:
• The infection may be prolonged and/or get 
worse, as has been shown in animal studies 
[43]. In humans, there is conflicting clinical 
evidence. It has been documented that exercis-
ing in the presence of an URT illness (with or 
without the presence of a fever) may aggra-
vate the infection by causing more pronounced 
symptoms and/or prolonging the length of the 
illness [1, 2].
• The infection may be transmitted to team-
mates and colleagues. Depending on the type 
of infection and the causative agent, different 
precautions have to be undertaken [43]. See 
below, for diarrheal disease and dermatologi-
cal infections.
• Neurologically, the coordination has been 
shown to decrease during infection/fever. In 1 
study, 14 participants with influenza or echo-
virus infection, all suffering from myalgia, 
and 9 participants with mumps, in whom this 
symptom was lacking, were investigated with 
single-fibre electromyography (EMG) in the 
acute phase and during convalescence. A pos-
sible disturbance in neuromuscular transmis-
sion was revealed [1]. Decreased coordination 
and balance may be associated with an 
increased injury risk.
• Muscle strength will be negatively affected 
during an ongoing infection. There is evidence 
that infection leads to a decrease in muscle 
protein content (which correlates to a decline 
in muscle strength and endurance), a reduc-
tion in muscle enzyme activity and mitochon-
drial abnormalities. It might take up to 2 
weeks for the muscle protein to be replen-
ished. This is in addition to fever, which in 
itself may also cause a decrease in muscle 
strength (see above). The infection will con-
tribute to the decrease in exercise performance 
experienced by athletes after an URT infection 
[50]. This is a reason in itself to refrain from 
training/playing. Furthermore, the decrease in 
exercise performance after full clinical recov-
ery from an URT illness can last for 2–4 days 
[3] and in more severe infections (influenza) 
may be present for several weeks after the 
infection has subsided, even after the athlete 
has returned to sport.
• The risks of severe complications include car-
diac complications, such as peri- and myocar-
ditis. Different viruses and bacteria are more or 
less prone to affect the heart (being more car-
diotoxic), with coxsackie B, influenza and par-
voviruses being more and the common 
rhinovirus, less likely to cause myocarditis. 
Myocarditis is typically associated with gen-
eral symptoms such as malaise and tiredness. 
Dyspnoea, palpitations, chest pain or even sud-
den cardiac arrest, due to malignant arrhyth-
mia, may also be present [51]. Pericarditis is a 
similarly acquired infection of the pericardium 
and is also a possible complication to exercise 
during an ongoing infection [52].
Fact Box 3 Influence of acute illness on body 
systems, which leads to decreased exercise 
performance
System Influence
Musculoskeletal Muscle wasting (decrease in 
protein content)
Decrease in muscle strength 
(isometric and isotonic)
Decrease in muscle endurance
Mitochondrial abnormalities
Cardiovascular Decrease in stroke volume with 
a reduced cardiac output
Neurological Impaired motor coordination
Decreased neuromuscular 
transmission
Metabolism Inability to maintain euglycemia
Dehydration
M. Börjesson et al.
pieter.orthopedie@gmail.com
761
• Rhabdomyolysis is the breakdown of skele-
tal muscle leading to compromised integrity 
of the muscle membrane, with subsequent 
leaking of the contents of the muscle cell 
into the plasma [4]. The myoglobin released 
from the muscle cells is filtered through the 
kidneys and excreted into the urine and can 
be directly toxic to the renal tubule and can 
lead to acute renal failure. It has been docu-
mented that the risk to develop rhabdomy-
olysis is increased when exercising during or 
after a viral illness [4].
• Other potential complications are listed in 
Fact Box 4.
56.5  Return to Play (RTP) After 
Infection
56.5.1  General Recommendations
Assuming that the athlete follows the recommen-
dations of refraining from intense exercise during 
the duration of the infection, the key question 
will arise: When can he/she return to play? 
Although the specific recommendations vary for 
various infections, some general recommenda-
tions could be made:
• Firstly, and most importantly, return to play 
should occur only after the infection has 
cleared. This means that the athlete should 
have no remaining muscle pain, general mal-
aise, fever or specific symptoms of the disease 
(diarrhoea, etc.).
• Secondly, RTP is a gradual process. The ath-
lete should be closely monitored and only be 
allowed to increase training load if he/she is 
symptom-free. The length of this adjustment 
period is dependent on the duration and sever-
ity of the infection.
• Importantly, the athlete should not be advised 
to exercise in an alternative fashion, i.e. 
strength training instead of endurance train-
ing, which has sometimes been considered to 
be a less demanding activity. He or she should 
abstain from all training during the infection, 
to give the body a chance to recover fully.
56.5.2  Specific Conditions
56.5.2.1  Upper Respiratory Tract 
(URT) Infection
The most frequent upper respiratory infection 
(URI) is the common cold. It usually has a short 
duration of 2–4 days, typically being caused by 
rhinovirus, although many more viruses could be 
involved (Fact Box 5). URT is very common and 
is the reason for a large part of training interrup-
tion for an athlete, possibly several times/year 
[53]. An increase in the frequency of infections is 
usually seen in athletes during the years they have 
small children but also during heavy training peri-
ods. The clinically common worry of many ath-
letes with frequent URI that they may have some 
underlying immune deficiency is typically 
unfounded. However, as the immune function 
may be decreased secondary to intense, prolonged 
and/or increased activity, athletes have to be grad-
ually accustomed to the higher intensity of play/
training. This is specifically  applicable to new 
players coming from junior and/or lower football 
leagues. Repeated infections should therefore be 
taken as a possible warning sign of overloading 
(see below).
Fact Box 4 Medical complications and risks 
associated with exercise training in athletes 







Joint, ligament and tendon 
injuries due to impaired 
motor coordination
Respiratory system Bronchial hyperreactivity
Others Post-viral fatigue syndrome
Increased duration and 
severity of symptoms of 
illness
Heatstroke
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The return to play after a common cold fol-
lows the general recommendations as outlined 
above, that the athlete should return only after 
full recovery and gradually resume training. If 
the URI is caused by bacteria (differential diag-
nosis), this could both be a primary infection and 
secondary to a viral infection. Most commonly 
these infections are caused by the beta- 
streptococci, causing tonsillitis, impetigo, medial 
otitis and/or acute bronchitis. Oral antibiotic 
treatment should be started, and the athlete may 
return to sport when the infection has subsided 
and after finishing the antibiotic treatment.
In one prospective study performed on elite 
athletes, it was shown that pathogens were identi-
fied in less than 30% of athletes who reported 
symptoms of an URT illness [54], reflecting that 
non-infectious conditions must also be 
considered.
The Clinical Neck Check
As different infections have different propensity 
for cardiac and other complications, because they 
are caused by different microbes, the differential 
diagnosis is important. Simple tests (such as for 
beta-streptococci in the throat) may be used to 
differentiate between a viral and bacterial infec-
tion. However, other tests, such as C-reactive pro-
tein (CRP), leucocyte count and liver enzymes, 
may also be used to establish the degree of sever-
ity of any given infection. Indeed, the most com-
mon clinical decision regarding URI is if the 
infection is viral or bacterial and thus treatable by 
antibiotics. A sign often used in clinical practice, 
with little scientific evidence, to determine the 
athletes’ availability for training/playing, is the 
“neck check”. The underlying theory is that 
infections causing symptoms below the neck 
contradict exercise, i.e. joint pain, widespread 
muscle pain, gastrointestinal symptoms and pro-
ductive cough, while infections causing only 
symptoms above the neck, such as runny nose in 
an otherwise unaffected athlete, may be more 
compatible with exercise (slight cold or aller-
gies). The grey zone will be the athlete presenting 
solely with a “sore throat”. In our clinical experi-
ence, such an athlete should be advised to refrain 
from training/playing during the day in question. 
On the following day, the infection has become 
evident or the athlete will possibly have recov-
ered fully to resume training.
Current recommendations for contraindica-
tions to exercise participation in athletes with an 
acute URT illness include [3]:
• Presence of fever
• Presence of myalgia (muscle pain)
• Presence of chest pain
• Resting tachycardia
• Excessive shortness of breath
• Excessive fatigue
• Swollen painful lymphadenopathy
More specifically, it has been suggested that 
rest should be advised to an athlete with an infec-
tion when fever is present (>38 °C) or when the 
individual’s resting temperature has increased by 
0.5–1°C or more and their resting pulse rate has 
increased by 10 beats per minute or more, in 
combination with symptoms such as malaise, 
myalgia, arthralgia or headache [1]. However, an 
acute onset of general malaise, especially in com-
bination with pains in the muscles or joints, 
should also prompt the recommendation of rest, 
even in the absence of fever [1]. Training is grad-
ually resumed after the infection has resolved, 
Fact Box 5 Most common viral causes for 
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Infectious mononucleosis Epstein-Barr virus
M. Börjesson et al.
pieter.orthopedie@gmail.com
763
and if any symptoms referable to the heart appear 
(chest pain, chest discomfort, irregular heartbeat, 
abnormal breathlessness, abnormal fatigue or 
exertional syncope), the exercise bout should be 
stopped immediately [1].
56.5.2.2  Infective Mononucleosis (IM)
Mononucleosis is a special case of URIs that is 
very common in young individuals (i.e. “kissing 
disease”). The disease is clinically important in 
sports medicine, because of the possible long lay- 
off from sports and because of potential serious 
complications from sporting activity during the 
infection. IM is caused by the Epstein-Barr virus 
and typically presents as a URI, with dominating 
throat pain, fever, headache and malaise. 
Importantly, a majority of individuals affected by 
mononucleosis may be asymptomatic (subclini-
cal infection). IM may mimic tonsillitis with 
swollen cervical lymph nodes and yellow detritus 
at the tonsils [55]. Treatment with antibiotics is 
typically not associated with improvement of the 
clinical picture.
“Tonsillitis”, not responding to antibiotics in a 
young individual, should thus raise the suspicion 
of IM. To confirm the diagnosis, the physician 
may use a fast-track antibody test (monospot) or 
serology. Often the liver may be affected (as 
shown by increased liver enzymes) and T lym-
phocytes are increased. The most important com-
plication may be enlargement of the spleen and 
loss of its architectural stability, increasing the 
risk of splenic rupture secondary to abdominal 
trauma [2] or increased intra-abdominal pressure 
[1, 56]. Data indicate that 50% of splenic rup-
tures occur without a direct blow to the spleen 
and the risk of rupture is 0.1–0.5% [3]. The risk 
for rupture is highest in the first 3 weeks but is 
very rare after 28 days [2].
Athletes with IM with splenomegaly should 
refrain from doing sport for at least 3 weeks, but 
may be out of training for 6–8 weeks, or even 
longer depending on if and to what extent the 
spleen is affected. Full fitness is often reached 
only after 3 months of training [3]. Contact sports 
are contraindicated until the spleen has returned 
to its normal size. The size of the spleen has to be 
followed, clinically or by repeated imaging using 
ultrasound. In addition, all blood tests should 
return to normal (leukocytes, liver tests), and the 
athlete should be symptom-free, before resuming 
intensive training. In severe cases, IM may put an 
end to a whole season, while many cases give 
little symptoms and cause a shorter absence.
56.5.2.3  Dermatological Infections
Secondary to URI, the most common infections 
in athletes are skin infections, affecting 8–21% of 
all consultations at US college level [57]. Three 
main types of microbes typically cause these 
infections: viruses, bacteria and fungi.
Regarding fungal skin infections, the most 
common is tinea pedis (athlete’s foot), affecting a 
majority of athletes presenting with skin infec-
tions [58], tinea corporis and tinea versicolor. All 
of these fungal infections may be treated using 
oral or local antifungal tablets or cream, respec-
tively. The main preventive methods include suf-
ficient hygienic precautions (keep the skin dry 
between toes) and not to share towels with team-
mates, for instance. These fungal infections 
rarely put a barrier to training or play, but tinea 
corporis should be treated for at least 72 h before 
play.
The bacterial infections include impetigo, 
caused by streptococci, and secondary infections 
such as folliculitis, cellulitis and abscesses. Full 
body shaving has become popular and may give 
rise to folliculitis in armpits and groins, often due 
to Staphylococcus aureus. Another common sec-
ondary infection is bacterial contamination of an 
athlete’s foot or of a small wound around the toes 
or foot. Secondary to infections, the local lymph 
nodes may swell and even be accompanied by 
fever. This may include the groin lymph nodes 
secondary to foot infection. The athlete could be 
treated with antibiotics and should refrain from 
playing until recovered. If an infection is resis-
tant to treatment, MRSA (methicillin-resistant 
Staphylococcus aureus) should be suspected and 
evaluated. Treatment includes incision and drain-
age of a lesion and appropriate covering. Proper 
antibiotic treatment for up to 10 days and healing 
of the wound are required for return to sport.
Regarding viral skin infections, the most com-
mon type is herpes virus infections, typically herpes 
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labialis, caused by the HSV-1 virus. A special case 
of herpes infection is herpes gladiatorum, affecting 
the face and neck of athletes in some close contact 
sports (25% of wrestlers and rugby players [59]). 
The transmission is direct contact, and the athlete 
should not compete with active lesions, having at 
least 48 h of treatment with antiviral treatment, 
before returning to competition. All lesions should 
be covered.
56.5.2.4  Gastrointestinal Infections
Athletes frequently travel to training or competi-
tion, thereby having the risk of acquiring gastro-
intestinal infections, such as gastroenteritis. This 
ailment is typically caused by viruses (rotavirus 
or similar enteroviruses). The preventive mea-
sures include (oral) vaccination before travel and/
or oral treatment by norfloxacin before and after 
symptoms. Vomiting, fever and diarrhoea are 
typical symptoms, and the treatment is directed at 
fluid replacement, as the risk of dehydration is 
increased. Rest and antipyretics may also be 
required. The athlete should only return to sport 
when having no remaining symptoms. A practi-
cal guideline is 48 h after the last diarrhoea or 
bout of vomiting. In the clinical situation, this 
advice is important to follow, as this will aid to 
prevent transmission of the infection.
56.6  General Recommendations 
to Prevent Acute Infective 
Illness in Team Sports
Due to acute infective illness, players often lose 
weeks of training each year or will miss an all- 
important match after months of preparation. 
Prevention of illness is of utmost importance in 
elite sports.
56.6.1  Individual Precautions
Personal hygiene is not only the most important 
but also the most practical and easiest preventa-
tive strategy. Most URT infections are transmit-
ted through airborne droplets (sneezing and 
coughing) and by contact (direct skin contact or 
indirect contact with sporting equipment) [1]. 
The most important preventative measure to stop 
transmission of URT is frequent handwashing [2, 
5] and avoiding contact between the hands, eyes 
and nose, as this is a primary route of introducing 
viruses into the body [34]. Other measures 
include covering the mouth and nose with the 
cubital fossa (elbow pit) when sneezing or cough-
ing [60], avoiding direct skin-to-skin contact [5] 
and avoiding contact with ill individuals [2, 34]. 
Sharing of water bottles, towels and sporting 
equipment should be strongly discouraged [2, 5]. 
Regarding infections spread by vectors (insects, 
mots), an additional advice is to wear clothing 
covering the arms and legs during training ses-
sions when travelling in tropical areas, particu-
larly at dusk and dawn. To wear open footwear 
when using public showers, swimming pools and 
locker rooms prevents dermatological infections. 
Individual strategies that facilitate good quality 
sleep such as napping during the day and correct 
sleep hygiene practices at night are recom-
mended. Avoid excessive and binge drinking of 
alcohol, as this impairs immune function for sev-
eral hours, particularly after strenuous training or 
competition. Practice the principles of safe sex 
and use condoms, to prevent sexually transmitted 
disease (STD) [6].
56.6.2  The Role of the Medical Staff
The medical and administrative support staff 
should develop, implement and monitor illness 
prevention guidelines for athletes and screen for 
airway inflammation disturbances (asthma, 
allergy and other inflammatory airway condi-
tions). They should identify high-risk athletes 
and take preventative precautions during compe-
tition periods. This may include arranging single 
room accommodation during tournaments for 
athletes with known susceptibility to respiratory 
tract infections. Consider protecting the airways 
of athletes from being directly exposed to very 
cold (<0 °C) and dry air during strenuous exer-
cise by using a facial mask. The medical staff 
should adopt measures to reduce the risk of ill-
ness associated with international travel. Update 
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athletes’ vaccines needed at home and for foreign 
travel and take into consideration that influenza 
vaccines take 5–7 weeks to take effect. 
Intramuscular vaccines may have some side 
effects. It is therefore advised to avoid vaccinat-
ing just before competitions or if symptoms of 
illness are present. Vaccinations during the win-
ter months [1, 2, 5, 34] may reduce respiratory 
illness by 30–50% [60], although this is some-
what debated.
The use of sensitive measures to monitor an 
athlete’s health can lead to early detection of 
symptoms and signs of illness, early diagnosis 
and appropriate intervention. Athletes’ tendency 
to continue to train and compete despite the exis-
tence of physical complaints or functional limita-
tions, particularly at the elite level, highlights the 
pressing need to use appropriate illness monitor-
ing tools.
56.6.3  Management of Combined 
Stress and Load 
on the Athlete
It is recommended that coaches and support staff 
schedule adequate recovery. Particularly after 
intensive training periods, athletes should have a 
detailed individualised training and competition 
planning, including post-event recovery measures 
(encompassing nutrition and hydration, sleep and 
psychological recovery) [6]. Sleep disruption has 
also been linked to immune depression [34], and 
efforts should thus be made to get adequate sleep 
[2, 3, 5]. Sports governing bodies have the respon-
sibility to consider the competition load and hence 
the health of the athletes when planning their 
event calendars. This requires increased coordina-
tion between single- and multisport event organis-
ers and the development of a comprehensive 
calendar of all international sports events. 
Psychological load (stressors) such as negative 
life event stress and daily hassles can significantly 
increase the risk of illness in athletes. Practical 
recommendations should be centred on educating 
athletes, coaches and support staff in proactive 
stress management [61].
56.6.4  Nutritional Strategies
Inadequate nutrition may contribute to impaired 
immunity [2, 3, 5, 25, 34]. Compounds, which 
are discussed as having a role in prevention of 
disease, are described briefly below. However, 
none of these strategies are substitutes for eating 
a well-balanced diet.
56.6.4.1  Vitamin C
In 1 double-blind, placebo-controlled study that 
was conducted on 92 runners who had entered 
the 1990 90 km Comrades Ultra-Marathon in 
South Africa, daily supplementation with 600 mg 
vitamin C reduced the incidence of postrace URT 
illness, from 68% to 33% (p < 0.01) [62]. A limi-
tation to this study is that the URT illnesses were 
never proven to be infectious. Furthermore, 
whether vitamin C supplementation reduces the 
risk of acute illness during training or in the pre-
race period has not been studied.
56.6.4.2  Vitamin D
In one prospective cohort study, the influence of 
vitamin D status on the incidence of respiratory 
illness and immune function during a 4-month 
(16-week) winter training period in endurance 
sport athletes was examined [63]. After 16 weeks, 
a significantly higher proportion of participants 
presented with symptoms of an URT illness in 
the vitamin D-deficient group compared with the 
optimal vitamin D group (deficient group 67%, 
optimal 27%, p = 0.039) and saliva secretory 
immunoglobulin A (SIgA) secretion rate was 
also significantly higher. This study indicating 
that vitamin D status could influence URT illness 
has to be confirmed.
56.6.4.3  Glutamine
Several glutamine supplementation intervention 
studies showed that glutamine supplementation 
before and after exercise has no detectable effect 
on exercise-induced changes in immune cell 
functions [64, 65]. Therefore, the available evi-
dence is thus not strong enough to warrant a rec-
ommendation for an athlete to use a glutamine 
supplement to prevent URT illness.
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56.6.4.4  Cystine and Theanine
A small randomised, double-blind, placebo- 
controlled, parallel-group study in 15 male long- 
distance runners showed that ingestion of cystine 
and theanine prevented a reduction in the leuco-
cyte count after a training camp (which was 
observed in placebo group) and prevented an 
increase in the neutrophil count and high sensi-
tive CRP after the camp (which was also observed 
in the placebo group) [66].
56.6.4.5  Carbohydrate Ingestion 
During Exercise
It has been documented that carbohydrate inges-
tion by endurance athletes during intensive exer-
cise is associated with an attenuated cortisol, 
growth hormone, epinephrine response, fewer 
perturbations in blood immune cell counts, lower 
granulocyte and monocyte phagocytosis and oxi-
dative burst activity and diminished pro- and 
anti-inflammatory cytokine response compared 
to placebo ingestion [67], and this is reviewed by 
Gunzer [25]. Ingestion of ≥6% carbohydrates 
during prolonged exercise may maintain the 
immune function [15], but more research is 
required to prove that this translates into the 
reduction of URT illness.
56.6.4.6  Probiotics
There is increasing evidence from a double-blind, 
randomised, controlled trial and meta-analysis of 
randomised, placebo-controlled trials that probi-
otic supplementation can reduce the number, 
duration and severity of acute infectious diar-
rhoea and URT infection in the general popula-
tion [68]. Furthermore, it has been documented 
that probiotics may reduce gastrointestinal illness 
in endurance athletes [69].
Take-Home Message
Acute illnesses and infections are the most com-
mon medical problem a sport medicine and foot-
ball team physician will encounter. The 
recommendations generally stipulate that an ath-
lete can participate in sport when symptoms and 
signs are only local (blocked nose, runny nose) 
and with the absence of symptoms and signs of 
systemic involvement (fever, tachycardia or rest-
ing heart rate increase by 10 beats or more, myal-
gia, malaise, lymphadenopathy, cough, chest 
pain and shortness of breath). If systemic symp-
toms are present, rest should be advised until the 
infection has subsided.
When the athlete returns from an illness (return 
to play), exercise should be resumed in successive 
manner, always considering any symptoms. Special 
considerations are required for a few conditions. 
Firstly, no exercise should be allowed when the 
athlete has gastroenteritis. Secondly, when an ath-
lete has infectious mononucleosis, non-contact 
sport should only be considered after 3 weeks at the 
earliest. The athlete may only participate in contact 
sports once symptoms have abated and the spleen 
has regressed to its normal size (proven by ultraso-
nography). The most important steps, however, is 
to prevent illness/infections by individual preven-
tive measures (hygiene, nutrition, sleep) and by 
balancing external load (training load, playing 
load, stress) with adequate recovery.






Avoiding contacts between the 
hands, eyes and nose
Covering of the mouth and nose 
when sneezing or coughing
Avoiding skin-to-skin contact
Avoiding contact with ill 
individuals
6.2 Medical staff Develop, implement and 
monitor illness prevention 
guidelines
Screen for airway inflammation 
disturbances
Identify and manage high-risk 
athletes
6.3 Management 
of stress and load
Recovery plan
Stress management education 
(athletes, staff)
6.4 Nutrition Well-balanced diet with 
sufficient intake of nutrients 
(specific nutrients may be 
targeted)
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57.1  Introduction
Football (soccer) is a sport of tremendous physi-
cal demand. The dynamic nature of the sport 
places great stress on an individual athlete. Those 
sports-specific demands not only involve the 
musculoskeletal system but also place a lot of 
stress on the cardiopulmonary system. In this 
chapter, we will address the effect of asthma and 
other pulmonary conditions in the football 
athlete.
57.1.1  Introduction: Physiologic 
Demands
The physiologic and strength demands are high, 
with METs (metabolic equivalents) being in the 
5–12 range [1]. The oscillation of low-intensity 
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and high-intensity varies throughout a football 
match. The body must be able to meet the meta-
bolic needs during those variances.
There are many pathologic conditions that 
may affect an athlete’s ability to inspire, exchange 
gases, and expire. One of those conditions is 
asthma.
57.1.2  Introduction: Potential 
Conditions
Asthma in sports tends to break down into two 
main categories: exercise-induced asthma (EIA) 
and exercise-induced bronchospasm (EIB). EIA 
is exercise causing bronchial obstruction in 
patients with clinical asthma, while EIB is an air-
way obstruction in association with exercise with-
out a clinical diagnosis of asthma [2]. Other topics 
of discussion will include pneumothorax and pul-
monary infections. Finally, this chapter will try to 
address the current dogma and recommendations 
on return to play in each of those conditions.
57.2  Asthma
Asthma is a chronic pulmonary condition that 
can negatively affect athletes to varying degrees 
with regard to airway inflammation, hyperre-
sponsiveness, and reversible obstruction. Asthma 
affects approximately 25 million people in the 
United States, 7 million of which are children [3]. 
The prevalence of asthma in athletes overall is 
actually higher than the general population rang-
ing from 23% to 55%, with higher rates noted in 
endurance athletes [4].
57.2.1  Asthma: Pathophysiology
In asthmatics there is a chronic underlying 
inflammatory state in the lungs with increased 
levels of cytokines and inflammatory molecules 
within the epithelium of the bronchial tree. When 
exposed to certain triggers, such as pollen, mold, 
allergens, cold air, or exercise, these inflamma-
tory markers induce a cascade of molecular reac-
tions that result in increased mucus production, 
swelling of the bronchial epithelium, and bron-
chial muscle tightening.
57.2.2  Asthma: Symptoms 
and Presentation
The previously discussed changes in asthma lead 
to airway narrowing and obstruction. Athletes 
will present with symptoms including cough, 
wheezing, shortness of breath, or chest tight-
ness—in severe cases, these symptoms can lead 
to a life-threatening state of hypoxia due to 
obstruction of the airways. The diagnosis of 
asthma can typically be made by taking a thor-
ough history with athletes that have had episodes 
of reversible symptoms. These episodes are typi-
cally associated with certain triggers that may 
also be identified with skilled history taking. 
Lung function testing with spirometry can be 
used to diagnose the condition with objective 
evidence.
57.2.3  Asthma: Diagnosis
Spirometry is a functional test used to diagnose 
asthma. This test can objectively measure the 
forced expiratory volume in 1 second (FEV1) as 
the athlete forcibly exhales, and if that value is 
<80% predicted and the FEV1/forced vital capac-
ity (FVC) ratio is <70%, then asthma is the diag-
nosis as long as there is reversibility by a FEV1 
increase of >12% from baseline or ≥10% of the 
predicted FEV1 after the use of a short-acting 
beta-agonist inhaler such as albuterol [5]. Based 
on history and spirometry results, the diagnosis 
of asthma can be classified into four separate cat-
egories that will guide treatment depending on 
the severity of symptoms as shown in Table 57.1. 
The diagnosis of asthma can also be made after a 
4–6-week trial of controller medication with 
reassessment to determine if the symptoms have 
improved or resolved [3].
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57.2.4  Asthma: Treatment
When it comes to treatment of asthma in foot-
ballers, it is important to verify which medica-
tions may be prohibited based on the World 
Anti-Doping Agency. This agency bans all 
inhaled beta-agonists, except salmeterol, salbuta-
mol (1600 μg maximum over 24 h), and for-
moterol (54 μg maximum over 24 h) [6]. However 
one recent study did show that inhaled salbuta-
mol up to 1600 μg did not improve lung exercise 
performance [7]. The Medical Commission of 
the International Olympic Committee imposed 
its ban on inhaled beta-agonists in 1993 due to 
the growing concern of increased use among elite 
athletes in order to help improve oxygen uptake 
and thus lead to an unfair advantage in endur-
ance, speed, and strength. Other organizations 
have imposed their bans as well, and it is impor-
tant to be aware of sport governing bodies when 
it comes to treating asthma and bronchospasm.
Along with the pharmacological treatment of 
asthma, education and prevention of symptoms is 
also a key component to maintaining adequate con-
trol of the athlete’s symptoms. The athlete should 
attempt to identify triggers for their symptoms, 
which may vary from seasonal allergies, like pollen 
to dust mites or even weather changes. For example, 
cold weather changes can be correlated to the devel-
opment of asthma symptoms. An individual must 
demonstrate vigilance to keep their symptoms 
under control by altering environmental exposures 
and utilizing controller medication. These environ-
mental changes may include changing practice 
locations based on the weather, using a humidifier 
or anti-allergen air filters at home, or even avoiding 
the use of NSAIDs, as they may predispose athletes 
to asthma flares [8]. Also, as part of the education 
process, athletes should be reminded of their asthma 
action plan that provides them with a step-by-step 
process of what to do when their symptoms start to 
become uncontrolled (Fig. 57.1).
The athlete and medical provider should be 
aware of when the last asthma exacerbation took 
place, if the athlete was ever hospitalized, and if 
they ever had to have a breathing tube placed 
(intubation) due to severe symptoms. Peak flows 
may also be utilized to monitor asthma symptom 
severity; however, this may be unfeasible or cum-
bersome when it comes to its proper and judicious 
use among the athletic population. Other modify-
ing factors include increasing endurance training 
as studies have shown that endurance athletes 
tend to have higher lung volumes by way of 
strengthening respiratory muscles, reducing resis-
tance through bronchial canals, and increasing 
lung elasticity and alveolar expansion in order to 
adapt to the demands brought forth by endurance 
training [9]. This training may theoretically help 
reduce incidences of asthma exacerbation and 
symptoms that can prevent footballers from par-
ticipating at their highest ability.
Table 57.1 Asthma classification and treatment
Intermittent Mild persistent Moderate persistent Severe persistent
Symptoms ≤2 days/week >2 days/week Once daily Throughout the day
Nighttime 
awakenings
≤2 events/month 3–4 events/month >Once/week Often 7 days/week
Use of SABA ≤2 days/week >2 days/week and not 
> once per day
Daily Several uses daily
Treatment SABA as needed for 
symptoms




High-dose ICS with 
LABA and possible 
oral corticosteroid
ICS inhaled corticosteroid, SABA short-acting beta-agonist, LABA long-acting beta-agonist
Fact Box 1 Spirometry Diagnostic Values
FEV1 < 80%
FEV1/FVC < 70%
Reversibility of values with inhaled SABA:
  FEV1 > 12%
  Predicted FEV1 ≥ 10%
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57.2.5  Asthma: Return to Play
It is generally acceptable to allow an athlete to 
return to sport once his or her lung function has 
returned to baseline and is able to participate in 
all sport-related activities without adverse pul-
monary symptoms. Medications have demon-
strated quicker improvement in symptoms and 
may allow for a sooner return to play timeline.
57.3  Exercise-Induced 
Bronchoconstriction
Exercise-induced bronchoconstriction (EIB) is 
a pulmonary condition characterized by tran-
sient reversible airway narrowing that increases 
respiratory resistance resulting in coughing, 
shortness of breath, wheezing, or chest tightness 
shortly after vigorous exercise. EIB is present in 
7–20% of the general population. However, its 
prevalence in athletes has been found to be 
much higher with one study finding up to 50% 
depending on the sport and environmental con-
ditions [10].
57.3.1  Exercise-Induced 
Bronchoconstriction: 
Symptoms and Presentation
EIB is a condition outside that of asthma, as these 
patients have no symptoms while at rest. 
Symptoms will typically present after 
Fig. 57.1 Asthma 
action plan from AAFA
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5–10 minutes of vigorous exercise and may last 
up to 20–30 minutes after exercise has concluded 
[8]. The key factor is that symptoms are reversible 
and do not occur at rest. Symptoms may also be 
influenced by other factors including weather, 
allergens, and intermittent bursts of exercise 
intensity during match play [11].
57.3.2  Exercise-Induced 
Bronchoconstriction: 
Pathophysiology
The etiology of EIB is centered on the idea of hav-
ing to warm and condition air that is normally 
done so by the upper airway prior to the cool air 
reaching the lower airway and bronchial tree. 
While at rest, the upper airway’s ability to warm 
the air is adequate secondary to the respiratory rate 
being slow enough to complete the task. However, 
when athletes exert themselves and the respiratory 
rate increases, this allows for the cool environmen-
tal air to reach the lower airways, thus giving the 
distal bronchial tree the task of warming and con-
ditioning the air. It is this alteration in physiologic 
role that may lead to changes in an individual’s 
symptoms.
There are two main theories as to the patho-
physiology of EIB, thermal expenditure and 
osmotic. The thermal expenditure theory states 
that the airway cooling from the increased respi-
ratory rate will cause vasoconstriction surround-
ing the lower airway bronchial tree and that upon 
the rewarming of the airway, the surrounding 
vasculature will dilate to engorge and rewarm 
the bronchial epithelium and leads to vascular 
leakage and airway edema [10]. The osmotic 
theory focuses on the water loss mechanisms 
that the bronchial epithelium and submucosa uti-
lize in an attempt to warm the cool air that 
reaches the lower airways, which then causes 
changes in the epithelial pH and creates a hyper-
osmolar state that then leads to a cascade of 
molecular changes that release immune-modula-
tors and mediators instigating bronchial con-
striction [10]. Though no one theory is definitive, 
it is likely a combination of the two that leads to 
the manifestation of EIB.
57.3.3  Exercise-Induced 
Bronchoconstriction: 
Diagnosis
The diagnosis of EIB is typically made through 
history and physical exam; however, it must be 
noted that this can lead to either overdiagnosis or 
underdiagnosis of the condition given the vast 
variance of symptom severity and presentation as 
well as a refractory period that some individuals 
may have. The refractory period is the time fol-
lowing spontaneous resolution of EIB symptoms 
where athletes will not experience any further 
symptoms for the next 1–2 hours, however, may 
have return of symptoms following this grace 
period [6]. This period may mask the diagnosis 
as athletes may not report the issue to their medi-
cal staff but then have recurrence of symptoms 
afterward. To properly diagnose the condition, 
pulmonary function tests (PFTs) should be con-
ducted while at rest to rule in or out any underly-
ing chronic asthma. Following this, other 
pathologies should be ruled out including vocal 
cord dysfunction, gastroesophageal reflux, and 
cardiac abnormalities.
The diagnosis of EIB can be made with the 
use of an exercise challenge test, eucapnic volun-
tary hyperventilation test (EVH), hyperosmolar 
saline challenge test, mannitol challenge test, or a 
direct challenge test with the use of methacholine 
to induce bronchoconstriction. The most com-
monly used tests are the exercise challenge test 
and the EVH, which focus on the FEV1 and its 
decline from baseline following provocation with 
either exercise or voluntary hyperventilation 
measured at various time limits following intro-
duction of the stimulus. A decline in FEV1 of 
>10% in EVH or peak expiratory flow rate 
(PEFR) of 15% or greater indicates positive 
results with these tests [8, 11].
57.3.4  Exercise-Induced 
Bronchoconstriction: 
Treatment
When it comes to the treatment of EIB, it is impor-
tant to look at all modifiable factors as well as phar-
macologic options to maximize a football player’s 
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pulmonary capabilities. The use of gaiters, scarves, 
or masks can theoretically limit the amount of cool 
air that reaches the lower respiratory tree, thus lim-
iting the effects of bronchoconstriction. Short 
warm-ups 15–20 min prior to activity at 80–90% of 
maximum exertion, calisthenics, and proper 
cooldown post-workouts have also been shown to 
limit the EIB response with athletes [4].
Many of the same medications that treat 
asthma can be utilized. Two to four puffs of a 
short-acting beta-agonist (SABA) inhaler 
(Fig. 57.2), 20 min prior to exercise or a match, 
can help control the onset of symptoms, if exer-
cise is expected to last no more than 6 h. If there 
is a tournament or the player is expected to exert 
themselves for a longer period of time, then a 
long-acting beta-agonist (LABA) can be consid-
ered as their effects can last up to 12 h after 
administration. Leukotriene antagonists and cro-
molyn can also be utilized for those that cannot 
tolerate the beta-agonist inhalers; however, these 
may not be as effective. Inhaled corticosteroids 
do not play a role in the management and treat-
ment of EIB. The use of these medications has 
shown improvement of symptoms and have 
allowed for quicker resolution as well.
57.3.5  Exercise-Induced 
Bronchoconstriction: Return 
to Play
A football player experiencing symptoms of EIB 
should be removed from play and evaluated prop-
erly on the sideline. If a baseline PEFR is known, 
then a repeat at the time of symptom onset should 
be conducted to assist in the evaluation of symptom 
severity [9]. If the PEFR is below 15% from base-
line, then two puffs of a SABA may be utilized. If 
symptoms are still present after 5 min, then two 
more puffs may be administered [9]. Serial PEFR 
readings can be conducted until the value returns to 
normal limits or back to baseline. If values do not 
return to normal or baseline, then the athlete should 
be evaluated more properly off the sideline in case 
further treatment modalities are indicated, including 
emergency options as the condition could progress 
to a life-threatening state such as status 
Fig. 57.2 Athlete 
demonstrating proper 
inhaler technique with 
spacer
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asthmaticus [9]. Once the athlete’s respiratory func-
tion has improved and he or she is no longer symp-
tomatic, then he or she may return to the playing 
field.
57.4  Pneumothorax
A pneumothorax (PTX) is a rare but potentially 
life-threatening pulmonary condition that 
requires prompt recognition and expedited treat-
ment and care. The condition is defined as a col-
lection of air within the pleural space between the 
chest wall and the lung. Due to the intrinsic intra-
thoracic negative pressure created by inspiration, 
the accumulation of this air can eventually reach 
enough pressure to induce collapse of the lung 
and potentially lead to cardiopulmonary compro-
mise. Only 2% of all adult pneumothoraces are 
associated with sports and can be spontaneous or 
tension-related [12].
Spontaneous PTX is found more often in tall, 
thin, and young individuals. It will occur, as its 
name suggests, spontaneously from primary or 
secondary etiology, secondary being in the set-
ting of underlying pulmonary disease including 
pneumonia, asthma, cystic fibrosis, or interstitial 
lung disease. Tension PTX is much less common 
and typically occurs due to blunt or penetrating 
trauma from a fracture rib that disrupts the pleura. 
Particular to football, blunt trauma causing ten-
sion PTX is typically the result of thoracic colli-
sions at high speed; athletes are more prone to 
this type of injury during keeper attacks or going 
for headers.
57.4.1  Pneumothorax: Symptoms 
and Presentation
Patients can present with difficulty in breathing, 
pleuritic chest pain with inspiration, rapid respi-
ratory rates, increased heart rate, or even a pres-
ence of anxiety. These symptoms will most often 
develop in a progressive nature, which highlights 
the importance of serial exams. Associated 
pathology must be excluded including internal 
organ injury following blunt trauma as well, 
including pulmonary contusion, hemothorax, 
pneumomediastinum, splenic rupture, kidney 
laceration, rib fracture, or other internal derange-
ment. Examination with a focus on primary 
assessment that includes airway, breathing, circu-
lation, and frequent vital sign checks is crucial to 
obtaining rapid treatment in order to avoid pro-
gressive lung collapse or potential cardiovascular 
compromise.
57.4.2  Pneumothorax: Diagnosis
The physical exam plays an essential role in 
determining the potential concern for a pneumo-
thorax. The pulmonary exam may include dimin-
ished breath sounds, rales, hyperresonance on 
percussion, hypoxia, hypotension, or even tra-
cheal deviation away from the affected side. It is 
also imperative to assess for thoracic cage injury 
including rib fractures and potential cardiac 
involvement with a full cardiovascular exam.
Imaging studies are also useful in making 
the diagnosis. Chest X-ray (CXR) (Fig. 57.3) 
and ultrasound are good initial studies; how-
ever, helical CT imaging could also be utilized 
once the patient is stabilized in order to assess 
for any other associated pathology such as pul-
monary contusion, laceration, and rib fractures. 
Once the diagnosis is even suspected, the trans-
port of the athlete to a nearby emergency 
department for higher-level care, evaluation, 
and treatment is necessary if there is concern 
for respiratory compromise and overall decom-
pensation. Football players will typically have 
high health reserve that may allow them to 
compensate for a period of time before becom-
ing limited by PTX symptoms; therefore, a high 
index of suspicion is required with serial physi-
cal exams in order to make the diagnosis. 
Following blunt trauma that is limiting the 
player, he or she should be evaluated thor-
oughly as a missed diagnosis of PTX could 
result in serious complications.
57 Return to Play in Asthma and Pulmonary Conditions
pieter.orthopedie@gmail.com
778
57.4.3  Pneumothorax: Treatment
Treatment for an uncomplicated pneumothorax 
may be observational depending on size. An 
example of this would be a non-tension pneumo-
thorax <10%. However, if a tension pneumotho-
rax is suspected, supplemental oxygen and needle 
decompression with either a 14- or 16-G needle 
can be performed. The needle is inserted into the 
second intercostal space in the midclavicular line 
to relieve the pressure, which may be followed 
by a rush of air [4, 13]. Following this procedure, 
the placement of a chest tube to allow for lung 
re- expansion is needed. Repeat CXR to visualize 
re- expansion of the lung and ensure proper chest 
tube placement is recommended (Fig. 57.4). This 
should be followed up with serial CXRs, a mini-
mum of 2 days later, to ensure stability. If the 
PTX remains resolved, then the chest tube can be 
removed after 2–3 days of monitoring in an acute 
care setting.
With regard to a spontaneous PTX, the 
American College of Chest Physicians published 
that a small PTX (<3 cm apex-to-cupola dis-
tance) in a hemodynamically stable patient with-
out significant symptoms may be managed by 
observation alone with close follow-up after the 
exclusion of progression with 3–6 h of observa-
tion and repeat CXR in an emergency setting; 
larger PTX (>3 cm) should re-expanded with 
decompression [13].
57.4.4  Pneumothorax: Return to Play
There are no consensus guidelines when it comes 
to return to play (RTP) from a resolved pneumo-
thorax. Case reports and opinion typically cite 
return to play ranging anywhere from 2 to 
10 weeks, with an average of 3–4 weeks prior to 
RTP [13]. Air travel should be avoided in the first 
1–3 weeks following a pneumothorax as the 
change in air pressure may result in hypoxemia 
and gas expansion in a closed parenchymal space. 
Recommends may differ if an athlete has associ-
ated pathology like multiple rib fracture or flail 
chest. During this time, repeat CXR should be 
obtained to ensure continued resolution of the 
PTX, and treatment with a pulmonary toilet 
including beta-agonists, mucolytics, and cough 
Fig. 57.3 Left-sided 
pneumothorax after 
blunt trauma with yellow 
arrow pointing to 
visceral pleural line
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suppressants may be utilized for symptom con-
trol. A chest wall protector may also be imple-
mented for extra protection.
Close follow-up should also be implemented 
to ensure that the development of acute respira-
tory distress syndrome (ARDS) does not occur. 
All in all, a slow return to physical activity with 
using pain as a guide is typically the mainstay of 
return to play from this pulmonary condition.
57.5  Respiratory Infections
Respiratory infections and their associated symp-
toms are a very common complaint among the 
general population as well as the athletic 
 population. Symptoms can present in a variety of 
ways and in different orders. The most common 
symptoms are nasal congestion, sore throat, 
cough, postnasal drip, headache, fatigue, nausea, 
and fever. Although the symptoms may be simi-
lar, it is important to keep a broad differential 
when determining the etiology, as many ailments 
could present with those symptoms.
57.5.1  Respiratory Infections: Types 
of Infection
Types of infection include, among others, viral 
upper respiratory infection (URI), bacterial or 
viral pharyngitis, mononucleosis, viral or bacte-
rial sinusitis, peritonsillar abscess, lower respira-
tory infection (LRI), bronchitis, and/or 
pneumonia. The athlete diagnosis is made mostly 
through history and physical exam; however, at 
times, it may be necessary to rule out other poten-
tial causes if red flags exist, and, thus, lab work 
including a CBC, CMP, EBV titers, or even a 
CXR may be needed to make the correct 
diagnosis.
57.5.2  Respiratory Infections: 
Treatment
Once the etiology of the symptoms is determined, 
the proper course of treatment can then be initi-
ated. Viral URIs can be treated symptomatically 
with decongestants, antihistamines, or other 
Fig. 57.4 Left-sided 
pneumothorax with 
re-expanded lung after 
chest tube placement
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over-the-counter medications as indicated based 
on symptoms. Vitamin C and zinc may also play 
a role in symptom duration as well. Most viral- 
induced URIs typically will resolve after 
4–5 days. If the etiology for the athlete’s symp-
toms is determined to be bacterial in origin, then 
the proper antibiotic is indicated with special 
attention paid to the most likely bacterial culprit, 
age, medical allergies, or other specific issues 
that may alter the antibiotic selection (Table 57.2). 
It is also important to monitor the athlete’s hydra-
tion status and ensure that they are obtaining the 
proper nutrient and caloric intake during their 
illness.
57.5.3  Respiratory Infections: Return 
to Play
Return to sports decisions should be made in con-
junction with close follow-up, as reevaluation 
and examination may be necessary. One special 
consideration to be mindful of when it comes to 
return to play is the presence of a fever greater 
than 101 °F. If an athlete engages in sports with a 
fever greater than 101 °F, then he or she does 
have an increased risk of developing myocarditis, 
a condition that affects cardiac function and out-
put, and should be held from practice until the 
fever resolves without the use of antipyretic for 
24 h. Also, it is important to ensure that the 
symptoms are not due to mononucleosis and 
EBV, as this ailment could lead to splenic enlarge-
ment and prohibit a footballer from playing for at 
least 3 weeks from symptom onset.
There are no clear “return to play” guidelines 
when it comes to URI or LRI; however, the 
“above the neck” rule is typically implemented 
for most athletes, including those in football. 
This rule refers to that if the symptoms of sore 
throat, nasal congestion, and others are mainly 
“above the neck” without other systemic 
involvement, then the athlete may continue with 
training uninterrupted. If the symptoms are 
present “below the neck” or include systemic 
symptoms such as fever or myalgia, then it may 
be necessary for the athlete to rest until they 
improve. Return to play guidelines with pneu-
monia are limited as well, but typically the ath-
lete should rest for 10–14 days as needed. 
However, this timeline is variable and depends 
on the individual athlete and his or her ability to 
safely play [6].
Table 57.2 Common respiratory infections and treatment
Common pathogens Treatment




Bacterial sinusitis S. pneumoniae, H. influenzae, M. 
catarrhalis
Augmentin, doxycycline
Bacterial pharyngitis Group A streptococcus Penicillin G IM, amoxicillin
Peritonsillar abscess Group A streptococcus, S. aureus, 
MRSA
Augmentin, clindamycin, drainage
Influenza Influenza A or B Tamiflu if within 24–48 h of symptoms 
onset
Viral etiologies RSV, rhinovirus, adenovirus, 
coronavirus, parainfluenza
Antihistamine, decongestant, nasal 
spray, expectorants, zinc, vitamin C
Fact Box 2 Return to play considerations 
with URI
Resolution of fever (oral temp. <101 °F)
Euvolemic hydration status
Respiratory capacity to athletically perform
No diagnosis of mononucleosis





Pulmonary conditions in football athletes pres-
ent a diverse spectrum of challenges to a sports 
medicine team. To adequately diagnose and 
appropriately manage, a strong understanding 
of each pathologic entity is necessary. A thor-
ough clinical history accompanied by a sys-
tematic physical exam will frequently establish 
the diagnosis. With respect to non-emergent 
scenarios, peak flow measurements, environ-
ment exposure management, pulmonary con-
ditioning, pharmacological management, and 
action plans are useful modalities. In emergent 
scenarios, diligent attention should be placed 
on assessment of airway, breathing, and circu-
lation as well as prompt diagnosis. It is stressed 
that return to play criteria should be deter-
mined on case-by-case bases and that recom-
mendations may vary depending on an athlete’s 
individual circumstances.
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58.1  Introduction
Over the past decades, football has become the 
number one sport in the world. Similar to hand-
ball and basketball, football is a team sports with 
the highest risk of sustaining an injury. This issue 
was investigated in a prospective cohort study of 
14 team sports during the Summer Olympics in 
2004 [1]. The type and location of football inju-
ries have hardly changed over the past three 
decades, and the body region most affected by 
football injuries is the lower extremities [2–6]. 
Most injuries are slight and associated with only 
a few days away from football. Severe injuries 
with time away from football of more than 4 
weeks only amount to approximately 10–20% of 
all football injuries [2, 7, 8]. Severe injuries have 
led to the development of different return-to-play 
strategies and the determination of various fac-
tors and parameters influencing the decision- 
making process.
Although the time-out in football and return to 
play after injury have been the subjects of several 
studies [9], there is a lack of sufficient evidence- 
based guidelines for decision-making processes 
and the factors influencing the time point of 
return to play. This chapter presents the medico-
legal aspects of the return-to-play process from 
the point of view of a team physician and a law-
yer. Medicolegal issues include the definition of 
fitness and completion of the healing process and 
medical aspect recommendations for team 
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 physicians on how to understand and improve the 
return-to-play process of injured players. The 
topic “performance improvement” by legal or 
illegal instruments, such as doping, is also rele-
vant for debates on return to play after injury and 
hence part of this discussion.
58.2  Definition of the (Un-)fitness 
to Work or to Do Sports
Both the medical and the legal literature lack a 
valid definition of fitness to work. Some exam-
ples are given in the national directive of the Joint 
Committee of the Federal Ministry of Health in 
Germany and in the regulations on assessing the 
incapacity for work and measures for gradual 
reintegration (disability regulations) established 
by insurance companies. According to these reg-
ulations, a person is incapable of working if he or 
she is no longer able to practice their profession 
on account of illness or if practicing the profes-
sion carries the risk of disease aggravation. 
Moreover, incapacity for work is also present 
when it is foreseeable that practicing the activity 
at a certain stage of the disease—which alone 
does not result in incapacity for work—may have 
direct injurious effects on health or recovery. In 
addition, incapacity for work even continues dur-
ing gradual recovery, which is intended to enable 
an injured person to return to full work capacity 
through gradual reintroduction.
Incapacity for work may also exist during 
stress testing and work therapy. In accordance 
with the national disability regulations of a coun-
try, insurance holders must also take their physi-
cal and mental health into account when 
determining their ability to work. According to 
the disability regulations, an injured person must 
be given the same physical, mental, and emo-
tional state of health when their incapacity for 
work is ascertained. Therefore, incapacity for 
work should only be determined on the basis of a 
medical examination, and the same applies to 
making recommendations for gradual reintegra-
tion. In professional football, medical examina-
tions should include sport-specific testing for 
return to play, whereas recreational football play-
ers only require the normal reintegration exami-
nations for return to work.
National health regulations and insurance 
guidelines may differ significantly among coun-
tries. In football, it is essential to differentiate 
between professional and recreational football. 
In professional football, the definition of fitness 
or readiness for the job is the same as participat-
ing in football activities. In contrast, injured ama-
teur football players tend to mostly care about 
how and when to be reintegrated into their job 
and when to return to football. This difference 
needs to be observed, and improved evidence or 
at least a consensus in football medicine would 
be helpful. Additionally, the time point of con-
firming a player “fit for football” after injury is 
still unclear. Is it the time point of the first 
football- specific exercises, the first time back on 
the field, the first team training, or the first match? 
This question also requires an interdisciplinary as 
well as an international consensus. For German 
sports professionals, the time point of fitness for 
sports is the first successfully completed team 
training, defined and confirmed by the team phy-
sician and postulated by the public trauma insur-
ance for professional athletes.
58.3  Decision-Making Models 
for Assessing the Fitness 
to Do Sports
The physical ability of athletes to do sports 
should be solely determined on the basis of medi-
cal findings, completely independent of any other 
factors that may influence the decision, such as 
the athletic situation of the player, the ranking of 
the club, or the importance of the match [10–12]. 
Approaches to decision-making and simplifica-
Fact Box 1
• The legal definition of “fit for work” or 
“fit for sports” has not yet been finalized 
in detail and needs to differentiate 
between professional and recreational 
football.
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tion mainly refer to high-grade injuries, for 
which—purely from a medical point of view—
clear exclusion criteria from sports participation 
already exist (e.g., ligament rupture, cardiovascu-
lar rhythm disturbances, or concussion).
Such case-oriented approaches refer to inde-
pendent measurements, such as muscle size, 
force value, and laboratory parameters, or imag-
ing criteria that help assess the ability to partici-
pate in sports [13–18]. However, there is hardly 
any literature on approaches to the standardized 
assessment of the predominant number of inju-
ries—mostly of muscular or tendinous nature—
with a layoff of less than 4 weeks [19, 20].
In acute injury situations and during subse-
quent further diagnostic evaluation, physicians 
and physiotherapists in football have to decide on 
the optimal treatment regimen, whereas the main 
concern of the player or the club is usually the 
earliest possible time of return to play [19, 21]. 
Particularly in professional football, the choice of 
treatment procedure favored by the players and 
their agents is often not primarily based on 
evidence- based medical knowledge but rather on 
which therapist promises the shortest layoff. 
From the athlete’s point of view, this attitude is 
understandable when taking the sporting and 
sociological aspects and particularly the eco-
nomic aspects of today’s professional sports into 
account [12, 15].
A three-step “return-to-play” model was devel-
oped to structure and objectify the decision- 
making process of a player’s return to sport [15]. 
This model involves risk-modifying factors, such 
as the type of sports, the level of play, and the 
position in the game as well as external factors, 
for instance, the sporting situation of the player or 
the team, the importance of the match, or the time 
point in the season. The advantages and disadvan-
tages of the two options “to be able to play” or “to 
be not able to play” should be weighed against 
each other to ensure a comprehensible and moder-
ate decision in each individual case [11, 22].
A multilevel decision model has been devel-
oped to simplify the decision process that focuses 
on clear, quantifiable criteria, such as inflamma-
tory response, restricted ability to move, swell-
ing, or effusion. The model also includes the 
recommendation that the strength level of the 
injured limb should be at least 70% of the level 
before injury. Unfortunately, most of the pub-
lished recommendations are based on low-level 
evidence [11, 19]. According to the multilevel 
decision model, slight injuries such as minor 
residual swelling of the ankle after ankle joint 
contusion would be classified as “incapacity for 
work.” However, even a difference in muscular 
strength of 20% would be acceptable for return to 
play from a medical point of view, although such 
a power deficit may be detrimental to some 
footballers.
58.4  Principles of Classifying 
Sports Capability
Because of the missing evidence on return-to- 
play decisions after football injury, it may be 
helpful to classify the medical condition and the 
situation of the injured player. Clear decisions in 
football are rare, because players may sustain 
several injuries per season that require different 
decisions. Classification should be simple, and 
lay language should be used in discussions 
between players, team managers, and team phy-
sicians (Fig. 58.1). A considerable number of 
injuries that rank between “capable to play” and 
“not capable to play” are not classified. Such 
injuries can be divided into five categories:
Category I: Harmless
Category II: Not harmless
Category III: Not advisable, but acceptable
Category IV: Borderline
Category V: Not justifiable
Fact Box 2
• Decision-making in return-to-play pro-
cesses in football is currently not based 
on scientific evidence, although differ-
ent approaches have been reported in 
the literature.
58 Return to Play After Injury: A Medicolegal Overview
pieter.orthopedie@gmail.com
786
In category II and III, clear decisions are dif-
ficult, and the decision-making process depends 
on several external factors (Fig. 58.1) [11].
58.4.1  Category I: “Harmless”
The athlete is able to play without any restric-
tions. Medical diagnostic findings are close to 
normal. The risk of repeated or recurrent injury is 
statistically in the normal range and corresponds 
to that stated in the literature.
58.4.2  Category II: “Not Harmless”
In the presence of minor symptoms or medical 
anomalies, the player may return to unrestricted 
sporting activities. In consideration of the above-
mentioned cofactors, the physicians, the team of 
coaches, and the athlete may decide on a reduced 
training frequency.
58.4.3  Category III: “Not Advisable, 
but Acceptable”
The athlete’s participation in competition is not 
advisable because of the possible worsening of 
the medical symptoms. If match participation is 
acceptable from a medical point of view, it is the 
physician’s responsibility to inform the athlete 
about the medical findings and discuss the possi-
bility of match participation. Each party should 
be aware that playing football may worsen the 
injury.
58.4.4  Category IV: “Borderline”
Participation in a football match is not advisable 
and only marginally acceptable from the medical 
perspective. Medical findings and risks posed by 
continuing to play have to be clarified. Each fur-
ther exercise is only done at the request by the 
athlete. The consent discussion should be docu-
mented in writing.
58.4.5  Category V: “Not Justifiable”
The clinical diagnosis and medical diagnostics 
show that further participation in sports exer-
cises poses a high risk of health deterioration or 
even permanent disability. From a medical 
point of view, further sports participation is 
inadvisable, so that the player is declared unfit 
to play. The athlete and the coaches (after 
approval by the player) need to be informed of 
the possible risks. The athlete may act indepen-
dently of explicit medical advice to not con-
tinue sports activity. In this case, the responsible 
physician should send a written confirmation of 
the decision “unfit to play” to the athlete and 
the club [19, 23, 24]. Experiences in elite sports 
have shown improved decisions if the coopera-










o Situation of the athlete
o Time factor
o Lack of alternatives 
o many other
Sport-specific
Fig. 58.1 Medical 
decision-making process 
in elite sports [34]
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58.5  Doping and Return to Play
The return-to-play process represents a difficult 
and vulnerable period in a football player’s career 
[25]. Treatment issues, the hard and long reha-
bilitation process, and the different stages of the 
return-to-play process are difficult experiences 
for injured football players. Because professional 
football players wish to shorten the return-to- 
play process, they try to exhaust all possibilities 
with regard to tissue healing, functional improve-
ments, muscle regeneration or muscle building, 
as well as athletic skills. The mental situation of 
a severely injured player may be clouded due to 
the pressure to return to football quickly. In these 
difficult situations, players may be open to differ-
ent types of support and might be tempted to try 
and receive allowed or even illicit instruments, 
medications, or strategies to return to football 
quickly [26–30].
The return-to-play process after injury in pro-
fessional football is also a period of frequent dop-
ing controls. Only in exceptional circumstances 
and only with the confirmation of the National 
Anti-Doping Agency (NADA) and the World 
Anti-Doping Agency (WADA) is it allowed to 
use medications or substances stated on the anti- 
doping list. However, the use of legal medica-
tions is also increased during injury time, which 
may represent a problem. The use of painkillers 
is a general problem in football, and the return-
to-play process after injury is likely to be a period 
of increased painkiller use. Data on this issue are 
rare [31, 32], but the task of the medical team 
supporting a football player is to monitor and 
possibly reduce the use of such medications and 
adjuncts.
There is no evidence that the use of legal or 
illegal medications reduces the time away from 
football. However, in professional football play-
ers, it might stretch the biological and legal pos-
sibilities to shorten the return-to-play process.
58.6  Summary
In most cases, the decision on an athlete’s ability 
to play is not straightforward “yes” or “no” but 
rather a decision that increasingly depends on 
many nonmedical factors. Standardized consid-
erations are difficult, and physicians often have to 
act on a case-by-case basis. Considering the lack 
of evidence on the return-to-play decision from 
the medicolegal point of view, it is important that 
all parties involved use lay language that can be 
understood by everyone. Such discussions would 
benefit from a classification of the return-to-play 
process.
Compared to exhibition games, an athlete’s 
participation in Olympic Games or the Football 
World Cup requires special consideration. The 
ability to participate in sports cannot be deter-
mined without consideration of the athlete’s 
medical findings [33]. The task of the team phy-
sician is to minimize the risk of far-reaching neg-
ative consequences.
It would be useful if all parties involved in the 
decision-making process balance the sporting 
abilities of the injured player at the beginning of 
the return-to-play process between acceptable 
sport-specific risks and medical exclusion crite-
ria. Medical diagnostics as well as a complete 
documentation of the medical findings and the 
decision-making process are indispensable. 
Physicians are often under great pressure during 
the decision-making process, and sufficient com-
munication with the team may reduce both pres-
sure as well as the fear of medicolegal 
consequences. Consequent documentation of all 
medical decisions and communication between 
the parties may be exhausting, but such docu-
mentation is the key to clear decisions that may 
additionally reduce medicolegal consequences 
for the medical staff, particularly in professional 
football. Economic, political, or media- associated 
stress situations should not dilute evidence-based 
medical recommendations. Therefore, the ability 
Fact Box 3
• A clear classification of return-to-play 
stages is essential to obtain further evi-
dence on this topic. Discussions between 
players, team managers, and team phy-
sicians should be in lay language.
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of an injured athlete to return to play might need 
to be classified at the beginning of the decision- 
making process, i.e., as harmless, not harmless, 
not advisable but acceptable, borderline, and not 
justifiable (Fig. 58.1) [34].
Take-Home Message
Diseases or injuries in professional high- 
performance football are special situations for 
athletes and physicians. Returning to highly 
stressful sports as quickly as possible is often 
more important to athletes than optimal treat-
ment. Rehabilitation time is sometimes insuffi-
cient for professional athletes, which would pose 
a higher risk of recurring injuries or questionable 
treatment decisions. High-performance sports 
such as football involve situations that not only 
comprise medical aspects but also external fac-
tors, such as the athlete’s current athletic situa-
tion or the importance of upcoming matches that 
may play a role in deciding on the further proce-
dure. The physician’s dilemma between respon-
sible medical treatment and athletic stress 
situations makes it necessary to follow a straight, 
transparent treatment regime and decision- 
making process.
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59.1  Introduction
Long lay-off of football players from competitive 
matches is often caused by traumatic and overuse 
injuries. Particularly severe injuries resulting in 
absence from football of more than 3 months are 
an important factor for an interruption in or even 
the end of a football career. Long lay-off from 
sports is frequently caused by traumatic injuries, 
for instance, to the anterior cruciate ligament 
(ACL) injury of the knee [1] or by overuse inju-
ries such as pubic overload associated with groin 
pain [2]. After such injuries, football players 
have to resume physical activities and training 
and gain match experience, which requires a lot 
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of time, well-planned rehabilitation and patience. 
The duration of the return-to-play process is gen-
erally well documented for ACL injuries, but lit-
tle evidence is available for other typical football 
injuries. After minor injuries, only few team 
members are generally involved in the decision- 
making process, while severe injuries or surgical 
treatments require an increased number of medi-
cal staff such as surgeons. The return-to-play pro-
cess with its different stages represents a 
challenge to all experts and staff supporting the 
injured football player. Team coaches, the foot-
ball players themselves or—in the case of junior 
players—their parents are the main group of peo-
ple to improve and change prevention strategies 
[3]. Particularly the team coach is well-accepted 
as a key player to implement and improve pre-
vention steps in a football team, a fact that is 
highlighted in both the scientific literature and in 
daily football routine [4–6]. The performance of 
football players and team coaches with regard to 
medical issues highly depends on their individual 
experience and education [7], which is the focus 
of this chapter. To better understand the group of 
persons supporting football players not only 
requires close communication but also knowl-
edge about the different points of view of players 
and team coaches [8].
59.2  The ‘Injury Problem’ 
in Football
59.2.1  The View of Players
Injuries not only affect the football activity but 
also the daily personal life of football players. 
Particularly severe injuries resulting in lay-off 
from football of more than 6 months consider-
ably disrupt the daily life of both amateur and 
professional players. Injuries of professional ath-
letes and elite (under contract and with salary for 
playing football) amateur football players jeop-
ardise participation in the running season and 
subsequently to be successful in their profession. 
Severe injuries also carry a risk of a premature 
end to one’s football career and may prompt foot-
ball players to stop or change their professional 
type of sports. Injuries of amateur football play-
ers may also have a negative effect on their occu-
pation due to long lay-off after surgery or 
rehabilitation.
The high incidence of football injuries [1, 9] is 
a well-established fact. Nearly every player in 
professional and amateur football with a career 
of more than 10 years has sustained at least one 
injury. Therefore, football players are usually 
experienced with regular medical services in the 
context of such injuries. Even amateur football 
clubs tend to have a physiotherapist supporting 
training sessions and matches. Little is known, 
however, about the general knowledge of football 
players at different skill levels on medical issues 
such as first aid on the field, injury prevention, 
regeneration, rehabilitation or return to play after 
injury. Generally, football players are advised by 
their team coaches and rely on their own experi-
ences or that of their team colleagues. These facts 
have to be considered in any discussion about the 
knowledge of football players on medical issues. 
No scientific analysis is yet available related to 
football players on medical issues and their 
return-to-play expectations. The authors of this 
chapter describe internal investigations in ama-
teur and professional football that show a gener-
ally sufficient knowledge of players about injury 
problems in football [10]. Football injuries 
mainly affect knees, ankles and thighs. Most seri-
ous injuries are to the ACL, PCL or cartilage. The 
main concern in terms of the severity of an injury 
from a player’s point of view is not lay-off from 
football, which is part of the scientific injury defi-
nition and data collection [11], but persistent 
long-term changes in the injured body part.
Because of the possible consequences of foot-
ball injuries, football players need to be aware of 
injury prevention measures. Such measures have 
become more and more important during the last 
years. Active injury prevention strategies carried 
out by players themselves are a common method 
for ensuring continuous sports activity at all skill 
levels and particularly in professional football. 
The major problem is the generally low rate of 
compliance and perseverance to participate in 
injury prevention strategies. Injury prevention 
should ideally already start in junior football but 
W. Krutsch et al.
pieter.orthopedie@gmail.com
795
is unfortunately still rather uncommon at that 
level. From a player’s point of view, injury pre-
vention over one’s entire football career might be 
considered an impossible task. The only chance 
for football players to stay fit and healthy is to do 
everything possible to prevent injury. Frequently, 
football players only start to participate in active 
prevention strategies many years after the begin-
ning of their football career and/or after a severe 
injury.
General expectations of football players are to 
‘play football’, to ‘proceed playing football’ or to 
‘return to play football after injury’ as quickly 
and safely as possible. After an injury or another 
health complaint, players only want to return to 
play football and expect support from their team 
and medical staff to achieve this aim. This expec-
tation is identical in both amateur and profes-
sional football.
59.2.2  The View of Team Coaches
The view of team coaches on medical issues is 
influenced by many different factors. Team 
coaches are often former football players who 
had a long career and are thus automatically 
experienced in training load, regeneration, warm-
 up, match preparation, injury prevention or injury 
recovery. Different skill levels in football involve 
different situations for medical issues in football 
[12]. The best precondition for team coaches to 
understand the quality and quantity of medical 
support provided at a given football skill level is 
if they played at the same level themselves. For 
example, team coaches who used to play at a 
higher skill level may expect more medical sup-
port and quality than available at a lower football 
level. This situation may create a conflict between 
the team coach and the players or the medical 
staff with negative effects on the entire football 
team. However, all members of a football team 
may learn from the experience and knowledge 
obtained at higher skill levels and thus benefit 
from team coaches with such experience. On the 
other hand, to expect too little with regard to the 
quality of medical services provided in a team 
may also cause problems. In conclusion, all staff 
members and particularly the team coach should 
understand the quality and quantity of services 
needed and services provided by the medical 
team at the respective skill level.
Team coaches expect high compliance in 
terms of preventive health behaviour and injury 
prevention strategies from their players, which is 
not easily accomplished by a team of 20-odd 
players. Experienced players and players who 
already have sustained a severe injury can and 
should guide the other players of the team in 
active prevention strategies. Independent of the 
football level, muscle injuries are not only the 
most annoying type of injury over the course of a 
season but also the most difficult injuries to avoid 
in modern football. Team coaches are now 
becoming educated on the impact of particular 
training exercises on muscles as well as on the 
influence of their play and regeneration concept 
on the occurrence of muscular injury. 
Consequently, team coaches should analyse their 
concepts with regard to muscular complaints and 
injuries of their players. Team coaches should 
also realise that football players themselves have 
a high potential for active injury prevention. 
Thus, team coaches should introduce their play-
ers to injury prevention measures and supervise 
their continuous participation in these strategies.
Team coaches at different skill or educational 
levels vary in their skills and knowledge on foot-
ball and consequently also on medical issues 
such as warm-up, injury prevention measures or 
regeneration. The so far unpublished data 
obtained by the chapter authors from profes-
sional football in Germany include information 
on the expectations of football players and team 
coaches [10]. In this investigation of professional 
football teams as part of a German injury preven-
tion study, the team coaches reported on deficits 
in and the necessity of injury prevention strate-
gies in professional football, mainly with regard 
to ACL and PCL injuries as well as ankle and 
muscle injuries. The team coaches themselves 
had mainly finished their football career after one 
single severe injury or after a several minor inju-
ries, mainly of the knee and ankle. Furthermore, 
team coaches describe the increasing problem, 
particularly in junior football, that children and 
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adolescents are nowadays less exposed to athletic 
training at school than in the past. Particularly 
junior football players may enhance their athletic 
abilities and neuromotor skills by being exposed 
to many different types of sports.
59.3  Team Coaches in Football: 
The Perspective of a Former 
Football Player
59.3.1  The Main Responsibilities 
of Football Coaches
The main responsibilities of a football coach do 
not include medical issues. For both players and 
the medical staff, it is essential to know the main 
responsibilities of a team coach. Details on 
coaching practice have been described rarely in 
the literature [13], but Kaß [14] described the 
main responsibilities of a team coach in German 
professional football (Table 59.1).
To fulfil these multifold responsibilities, a 
team coach requires many different skills, for 
instance, long experience as a football player and 
sufficient sports education. To adequately fulfil 
all these responsibilities is a time-consuming 
task, so that additional responsibilities such as 
medical issues may overextend the capacity of a 
team coach. Accordingly, professional football 
clubs employ medical experts, so that team 
coaches only have to communicate their expecta-
tions on the medical service and stay in contact 
with the respective members of staff. In amateur 
football, coaches need to be educated in at least 
the basics of the most important medical issues.
59.3.2  Education of Football Coaches 
in Medical Issues
Topics of the education of team coaches depend 
on the quality and quantity of a team’s football 
level. Team coach licences for lower football lev-
els mainly include issues such as training and tac-
tics, whereas licences for the highest level, the 
UEFA Pro Licence, also include detailed medical 
issues. Thus, awareness of a team coach’s level of 
football education by all members of a football 
team helps to better understand any decisions 
made by the coach. The main issues of team coach 
education defined and implemented in the German 
Pro Licence curriculum are defined in Table 59.2.
The curriculum of the Pro Licence includes 
also medical topics. These medical topics present 
a multifaceted job profile for a team coach in pro-
fessional football (Table 59.3).
Several medical topics for team coaches have 
been well-described in the literature as well as the 
often important role of team coaches in the preven-
tion of injuries [4, 6]. Particularly  well- documented 
are level I studies for the primary prevention of 
Table 59.1 Responsibilities of team coaches in profes-
sional football
Regulation and supervision of training sessions
Planning of training sessions
Technical training
Tactical training
Athletic and fitness training
Team planning
Analysis of the opponent team (next game)
Team leadership
Team organisation and administration
Management of resources
Media and public management
Supervision of the staff around the team
Exchange with the club officials
Junior and talent promotion
Exchange with the medical team
Fact Box 1
 – Injuries of football players are an impor-
tant reason for the lack of success of 
football teams and therefore a vital issue 
for the management of a football team.
 – Football injuries represent an important 
reason for less successful results as well 
as declining fitness levels and physical 
integrity of the players.
 – Players and team coaches know their 
responsibilities in terms of injury pre-
vention strategies but may have differ-
ent approach on football injuries.
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injuries through team training [6, 15] and, as a sec-
ondary prevention step, coach- controlled training 
programmes during the rehabilitation period after 
injuries to prevent reinjury [4].
After some disagreements between football 
coaches and team physicians in some UEFA 
Champions League teams, a group of F-MARC 
established 11 recommendations for football 
coaches to better understand medical issues. This 
list of recommendations illustrating team coach 
responsibilities from the medical point of view 
was developed by an interdisciplinary group of 
experts [16]. These recommendations are called 
“11 for coaches” (Table 59.4).
By now, the instruction in medical issues is a 
firmly established part of the education of foot-
ball coaches that has shown to be effective in 
injury prevention [5–7, 17, 18]. The most scien-
tifically investigated football injuries that show 
the success of team coach education are concus-
sion [7, 19–22] and other head injuries [23]. 
Apart from medical issues, both team coaches 
and football players should be instructed in ade-
quate stress management, which may also facili-
tate the prevention of injuries [24].
59.3.3  Medical Issues in Daily 
Football Routine
Despite sufficient knowledge of football players 
and team coaches about medical issues, the imple-
Table 59.2 Main issues of the team coach education in 
the German Pro Licence
Software tools for match 
analysis and presentations
Legal issues for team 
coaches
Rhetoric and communication Public relations and 
interviews
Team building practice Match analysis
Role, competence and 




Current situation of modern 
professional football
Team members and 
staff
Goal shooting and goal 
situations
Motivation
Team tactics, position tactics 
and player’s tactics
Season preparation
Time management during the 
week and over the season
Match coaching




Mental aspects and stress 
management
Free kicks and 
penalties
Speed, endurance and strength To form team
Special consideration of 
goalkeepers and in women’s 
football
Junior football aspects
Traineeships in football teams
Table 59.3 Medical topics for football coaches in the 
German Pro Licence
Physical stress on players
Anatomy of human beings
Energy metabolism
Sports medical care
Screening examinations and performance  
diagnostics
Muscular functional tests and FMS
Flexibility and strength exercises
Head injuries in football
Injury prevention and management
Nutrition
Consultation of a dentist
Fatigue and regeneration
Anti-doping
Sports psychology, burnout and depression
Table 59.4 Eleven for coaches Medical  recommendations 
for coaches (11 for coaches)
1. Respect your medical team, understand each other 
and communicate consistently
2. Organise at the beginning of the season: prevention, 
first aid, treatment and rehab management in your team
3. Customise your training sessions and consider 
environmental factors (heat/cold)
4. Allow players time to recover (consider different age 
group regeneration)
5. Implement prevention programmes like the 11+
6. Offer education in active ways for how to avoid 
injuries
7. Encourage balanced nutrition and avoid supplements 
and drugs (consider the World Anti-Doping Code)
8. Respect mental and psychological status of the players
9. Help build consensus within the players, coaches, 
medical staff and athletic trainers
10. Promote safe and effective return to play after 
injuries and illness
11. Be fair and open for changes and improvement in 
football medicine and science
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mentation of this knowledge in daily routine is 
often inadequate. Knowledge about the most 
important medical issues in football differs at the 
different skill levels [12]. All experts and football 
players agree that certain medical topics are 
essential for football teams, irrespective of the 
skill level [8]. These medical topics are first aid on 
the field, anti-doping, injury prevention, training 
and endurance control, regeneration, reintegration 
after injury and individual personal management. 
Each of these medical topics should be focussed 
on for players and team coaches (Table 59.5). The 
job of team coaches in professional football is 
managing and leading different members of a 
team and the medical experts around the team 
while encouraging active and open communica-
tion, which is easier for coaches with own football 
career and own experiences in a football team. 
Team coaches in amateur and junior football are 
often less well educated in but responsible for the 
majority of medical issues [3, 8, 12]. Because the 
practical performance depends on the medical 
knowledge and skills available in a football team, 
team coaches in junior football must study these 
medical issues on a private basis or by attending 
professional courses [12].
59.4  Responsibilities of Football 
Coaches and Players in Basic 
Primary Injury Prevention
In terms of injury prevention strategies, integrat-
ing new scientific knowledge or successful expe-
riences from other sports into football has been 
shown to be difficult. Team sports typically have 
their own specific culture that is difficult to 
change [25]. In future, all members of a football 
team need to learn from other sports regarding 
topics such as injury prevention or to increase 
strength and endurance. Although members of 
football teams are familiar with the main aspects 
of injury prevention, implementation of such 
knowledge into daily routine is often difficult [5]. 
Orr et al. [26] reported that the knowledge of 
team coaches and the parents of young players on 
injury prevention strategies in football was better 
than that of the football players themselves. The 
education of football players in terms of medical 
issues has been successful in several countries 
with regard to concussion; here, comprehensive 
instruction resulted in the reporting of detailed 
symptoms and subsequently in confirmation of 
the suspected diagnosis [19, 27, 28]. Other issues 
that should be reported to psychologists are 
depression and anxiety because these medical 
conditions tend to be underestimated in modern 
football [29].
59.4.1  Injury Prevention Strategies 
for Players
As participants in a team sport, football players 
are not entirely free in their decisions on what 
kind of medical service or prevention programme 
to use. Especially players of professional football 
clubs have access to a medical team associated 
with the club that includes a physiotherapist and 
often a team physician, who are always present 
on the field. Permission to use other medical ser-
vices is officially allowed by public law, and 
football clubs have frequently obtained an addi-
tional medical opinion of a second medical doc-
tor as external consultant for specific injuries in 
the past few years. Football players at an interna-
Fact Box 2
 – Team coaches and football players are 
familiar with general injury prevention 
strategies because of their training, but 
the implementation of this knowledge in 
daily routine is often inadequate.
 – At any skill level, team coaches are the 
leaders of football teams and responsi-
ble not only for a team’s success but also 
for training standards and medical 
issues.
 – Team coaches significantly influence 
medical issues, such as first aid on the 
field, injury prevention, regeneration 
and rehabilitation after injury; however, 
these topics are only a small part of a 
team coach’s education and therefore 
often insufficiently implemented in 
daily practice.
W. Krutsch et al.
pieter.orthopedie@gmail.com
799
tional level frequently employ private physiother-
apists in addition to the team physiotherapists, 
which emphasises the importance of physiother-
apy for football players.
Besides the many strategies for injury preven-
tion included in warm-ups and training sessions 
as the main responsibility of the team coach, 
football players themselves may use preventive 
measures (Table 59.6) [30, 31].
One of the most important preventive steps for 
football players is obligatory screening examina-
tions of the cardiovascular and musculoskeletal 
systems according to international and national 
guidelines for professional football as well as for 
junior elite football. These examinations should 
be extended to the lower football levels. Other 
examinations are less common in football, even in 
professional football, but essential for successful 
football playing. Regular dental examinations are 
important to exclude oral infections as a principle 
cause of muscular imbalance or muscular injuries 
of the back and lower extremities. Other advisable 
examinations for football players to reduce inju-
ries are ophthalmologic examinations. Players 
may not realise any visual impairment, but unre-
stricted vision is essential, particularly during 
evening matches where floodlight is used. Smaller 
foot injuries and complaints such as callused skin 
on the sole of the foot, ingrown or broken toe-
nails, blisters or other inflammations on the feet 
may stress the musculoskeletal balance of the 
body and lead to severe injuries of the joints of the 
lower extremities [1], which may be prevented by 
regular visits to a podiatrist. Particularly profes-
sional football players should regularly undergo 
such examinations as well as frequent blood 
screenings to avoid easily preventable injuries and 
illness. Fair play is also important because aggres-
sive behaviour on the field facilitates the occur-
rence of injuries [31, 32].
To protect their health status, football players 
should also try to avoid colds, influenza and other 
infections, particularly during winter. Specific 
vaccinations should be mandatory for football 
players. Wearing appropriate clothing during and 
after playing football not only reduces illness but 
also muscular complaints that are often caused 
by rapid changes between warm and cold tem-
peratures. Additionally, the lifestyle of football 
Table 59.5 Possible persons responsible for medical issues
Topics
Junior + recreational 
football Elite amateur football Professional football
First aid on field Team coach Physical therapist Physician
Medical equipment Team coach Physical therapist Physician
Injury prevention Team coach Team coach Athletic coach
Training/endurance control Team coach Team coach Co-coach
Regeneration Team coach Team coach Co-coach
Mental support Team coach Team coach Sports psychologist
Return to play Team coach Team coach/physical 
therapist
Medical staff
Table 59.6 Preventive measures of football players
1. Compliance in obligatory and optional screening 
examinations
2. Frequent training sessions during the season without 
any long absence from football practice
3. Complete recovery after previous injuries
4. Knowledge about and consideration of previous 
injuries and participation in an adapted additional 
training programme to prevent recurrent injury
5. Sufficient compliance with warm-ups and prevention 
exercises during team training
6. Active regeneration and cool down after training 
sessions and matches
7. Sufficient communication with the team coach about 
endurance and regeneration
8. Sufficient sleep before and after matches
9. No drugs, alcohol or doping
10. Balanced nutrition
11. Adequate fluid substitution
12. Adequate behaviour on the field and fair play
13. Compliance with the treatment and rehabilitation of 
football injuries
14. Communication and decision-making during the 
return-to-play process after injuries
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players should be adapted to the requirements of 
their sports activity and their expectations with 
regard to a successful career in football. 
Particularly professional football players should 
have sufficient rest after and between matches 
and training sessions. Further factors are well- 
balanced nutrition, avoidance of alcohol and 
good sleeping habits. Amateur football players 
may find it harder to adapt their daily living pat-
terns to the requirements of a successful football 
career because of the demands of their occupa-
tional job on their physical capacity, particularly 
during weekday training sessions. Therefore, 
matches on working days, which mainly take 
place in the evening, may lead to increased risk 
of overstressing. Thus, amateur players may ben-
efit from a change in their work responsibilities 
on match days.
59.4.2  Injury Prevention Strategies 
for Team Coaches
Team coaches are some of the most important 
persons for implementing adequate injury pre-
vention strategies for football players [30, 31, 
33–35]. Additionally, team coaches also play a 
key role in the mental support of football players. 
Scientific literature reports have described the 
influence of team coaches on team atmosphere 
and on the individual expectations of players in 
terms of medical issues such as injury prevention 
[17, 36, 37].
The importance of team coaches is also well 
documented in relation to building the confidence 
of their team and that of individual players, which 
may represent an important mental basis for 
injury prevention and for playing football suc-
cessfully [38]. To detect symptoms of mental 
problems in a player is difficult, although mental 
afflictions are a frequent problem in professional 
football. To help prevent severe consequences 
such as depression is an important responsibility 
of team coaches [29].
The following medical prevention strategies 
are closely associated with team coaches in foot-
ball (Table 59.7) [30, 31]:
Because implementation of all these medical 
issues by just one person such as the team coach 
is impossible, professional football clubs employ 
several different members of medical staff to 
manage the various medical tasks. In contrast, 
team coaches in amateur and junior football have 
to cover most of these preventive measures in 
addition to their main responsibility, i.e. football- 
specific preparation of the players and the team 
[3, 12, 30]. To take care of appropriate training 
sessions and warm-ups is the team coach’s main 
responsibility to prevent injuries [15]. For the suc-
cess of such preventive measures, team coaches 
not only need to know the most important aspects 
of injury prevention but also how to transfer this 
knowledge onto the field. For example, injury pre-
vention exercises could be integrated in both 
warm-ups and training sessions, thus becoming 
part of the respective programme. An important 
new development of the past years has been neu-
romotorical screening examinations of a team 
before and over the football season. Focussed on 
the preparation period before the season, these 
screening tests may show any weakness in the 
strength or athletic and neuromotorical capacity 
Table 59.7 Prevention strategies of team coaches
1. Physical preparation of the players before the start of 
a football season
2. Mental fitness and team building over the entire 
season
3. Supervision and management of the training 
programme and endurance over the entire season
4. Performing adequate training sessions including 
injury-preventing measures such as neuromotorical 
exercises, exercises for facilitating trunk stability and 
agility and stretching on a regular basis
5. Conducting warm-ups for the team before training 
sessions and matches
6. Conducting cool-down programmes after training 
sessions and matches
7. Planning of recovery time for the team and 
individual players over the entire season
8. Reasonable reintegration and return-to-play 
decisions for injured players
9. Exemplification of ‘fair play on the field’
10. Attention with regard to wearing protection 
equipment during training sessions and matches (e.g. 
shin guards in training sessions)
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of a player, and findings can be appropriately 
addressed in the training schedule, regeneration 
and activation process over the season. One 
important aspect that all team coaches should 
understand is that injured player requires specific 
exercises because regular training sessions do not 
address the individual needs of a player after 
injury to prevent reinjury. As a result, individual 
exercises need to be implemented for players who 
are returning to play after injury.
59.5  The Responsibilities 
of Coaches and Players 
in Basic Secondary Injury 
Prevention and RTP
59.5.1  Return to Play from a Player’s 
Point of View
Sufficient communication between players, medi-
cal staff and team members is necessary during 
the entire return-to-play process. Football players 
may have one main contact person responsible for 
all return-to-play stages. In the period after injury, 
physicians and surgeons are mainly responsible 
for the treatment programme and the decision if a 
player is ready to advance to the next return-to-
play stage. At the beginning of the rehabilitation 
programme, the main responsible person for 
supervising the healing and recovery process of 
all functions of the injured extremity is the phys-
iotherapist. The subsequent rehabilitation period 
requires the cooperation of the athletic and the 
rehabilitation coach and the intensive support of 
the physiotherapist. In many amateur football 
clubs, only one person, i.e. the physiotherapist, is 
responsible for all these aspects of the rehabilita-
tion process. The advantage in this case is the 
improved communication situation, but the phys-
iotherapist has to provide expertise in many dif-
ferent fields that are covered by several members 
of staff in professional football. Frequent commu-
nications between staff members and the team 
coach are necessary for the successful recovery of 
a football player, who has to advance to the differ-
ent return-to-play stages, i.e. from return to activ-
ity to return to sports to return to individual 
training to return to team training [39]. The team 
coach is the most important person to make the 
decision about a player’s return to play on the 
field. The occurrence of any complaints or prob-
lems after the reintegration of a player after injury 
requires continuous support by the medical staff, 
also after the return-to-play process.
The important role of the team coach in improv-
ing the reintegration process of players after injury 
through well-adapted exercises and rehabilitation 
training programmes to prevent reinjury is well 
established [4]. In modern professional football, 
the return-to-play process is more and more influ-
enced by the agents of football players, who often 
request a second opinion by another medical doc-
tor or employ a different physiotherapist. In this 
case, the player has to keep control of such exter-
nal influences to avoid further communication 
problems and information chaos.
59.5.2  Return to Play from a Team 
Coach’s Point of View
The team coach has several responsibilities dur-
ing the entire return-to-play process of a football 
player after injury. A team coach is responsible 
for the general planning and performance of the 
entire team and also needs to be informed about 
the recovery process of every injured player 
throughout the entire return-to-play period.
Fact Box 3
 – Injury prevention in football is highly 
associated with the compliance of foot-
ball players and the performance of 
team coaches.
 – Both football player and team coaches 
have specific duties in the prevention of 
injuries.
 – After recurrent injuries, intensive col-
laboration and communication between 
the injured player and the coach as well 
as implementation of a well-adapted 
training programme are essential to 
avoid recurrent or new injury.
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 1. Directly after the injury of a player, the team 
coach has to adapt his intended system of 
play for the team for the running match and 
the subsequent matches. The first step for a 
team coach is the immediate substitution of 
the injured player to ensure successful con-
tinuation of the running match or the training 
session.
 2. In amateur or junior football, the team coach 
also has to provide first aid on the field. This 
is the same as is provided by medical staff in 
professional football [3, 12].
 3. After the end of the match or training ses-
sion, the team coach needs to be informed if 
the injured player will be available for the 
next match. For planning the next match, the 
team physician should inform the team coach 
as soon as possible about the severity of the 
injury and the expected lay-off time. 
Generally, such information is only available 
after adequate diagnostics by the team physi-
cian. In professional football, however, team 
physicians frequently give a prognosis on the 
injury directly after the match. Once this 
information is provided, the team coach may 
plan for the next match (with or without the 
injured player).
 4. Having decided on the team available for the 
next match, the team coach may plan for the 
rest of the half season or the entire season. If 
the injured player is included in the planning 
usually depends on the result of the clinical 
and imaging diagnostics. A correct diagnosis 
is essential for the team coach, because the 
absence of a specific player will influence 
team planning and may even require the 
signing of a new player.
 5. After the start of the treatment, the team 
coach has to stay in contact with the injured 
player to help ensure a smooth healing pro-
cess. Some players may also require mental 
support during the recovery period [40]. 
Direct contact between the team coach and 
medical staff is not necessary, only in case of 
complications and only with the consent of 
the player. From a legal point of view, 
exchange of medical information between 
the team coach and the team physician is only 
allowed if football players give their consent. 
It should be born on mind that written con-
sents are rather uncommon in football [3].
 6. Over the entire rehabilitation period, the 
team coach should be involved in the prog-
ress of a player from one return-to-play stage 
to the next, i.e. from the start of the running 
programme to athletic exercises to sports 
activity and football-specific activity. At the 
end of return-to-play process, the first prog-
noses about the actual return to playing foot-
ball on the field may be made.
 7. Before a player proceeds to the team training 
stage, the team coach should be continuously 
informed about the progress of the rehabili-
tation programme and the player’s fitness 
level and football skills. Close communica-
tion with the player but also with the physio-
therapist and the athletic and rehabilitation 
coach is necessary. Specific screening tests 
to assess the player’s neuromotorical capa-
bility, strength and athletic skills may help 
the staff and team coach in their decision that 
the player may rejoin the team training 
sessions.
 8. During the step-by-step integration of the 
recovered player into team training, addi-
tional individual training sessions are neces-
sary to guarantee sufficient preventive 
exercises and regeneration. Typical situa-
tions for the partial integration of a player 
after injury involve warm-ups or running 
exercises and non-contact match simula-
tions. Other possible exercises in this context 
are ball playing/shooting, positional play 
exercises and tactical exercises. At this stage, 
the main supervisor of the recovered player 
is the assistant coach, who helps the player 
step-by-step to return to full team training.
 9. After the reintegration into team training is 
completed, the team coach should continue 
to check on the player to assess any problems 
that may occur after return to the field.
 10. After the first official matches, the team 
coach has to adapt endurance and regenera-
tion of the player to the actual situation, 
which requires close communication with 
the player.
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 11. After completion of the return-to-play pro-
cess, the team coach has to know that the 
recovered player is at risk for injury to the 
same body location [4, 41] or another body 
part [1]. Appropriate warm-ups and training 
programmes including exercises for neuro-
motorical adaption, trunk stability, jumping 
and landing as well as agility performance 
may prevent players and hence the team 
from future injuries [4].
Team coaches generally assess the return-to- 
play process of their injured players on an individ-
ual basis. Besides objective screening tests as 
‘return-to-play test battery’, it is also important to 
subjectively monitor players with regard to their 
body movements and behaviour. Many team 
coaches know their players well and also meet with 
them outside the football field. Therefore, team 
coaches are able to recognise and understand indi-
vidual behavioural patterns, for instance, if a player 
is willing to take risks or if a player is being over-
sensitive. Such knowledge may also influence deci-
sions related to the time point of reintegration.
59.6  Expectations of Injured 
Players During the Return- 
to- Play Process
After sustaining an injury, the main goal of foot-
ball players is to participate in the next official 
match. The road to this goal is often difficult and 
requires perseverance and compliance with the 
requirements of the rehabilitation process. The 
expectations of football players on the medical 
staff and the return-to-play process are as 
follows:
 – An exact diagnosis by the team physician. The 
diagnosis may be correlated with scientific 
[42] and individual experiences regarding the 
expected time of return to play on the field.
 – An exact football-specific explanation of the 
indicated treatment of the injury, particularly 
with regard to the fastest possible return to 
play, long-term changes and continuation of 
the football career and also in terms of possi-
ble complications and problems as a potential 
risk to the football career.
 – Players require a quick and safe return-to-play 
process and expect adequate and individual-
ised support from their medical team and 
other staff.
 – Football players expect to be included in the 
season planning of team coaches. Thus, 
detailed communication of the injured player 
with the team coach related the time point of 
return to play is essential. The behaviour of 
the team coach towards the injured player may 
influence the expectation and the recovery of 
the player [40, 43].
 – After the return to team training, football 
players expect their team coach to provide 
them with a well-adapted training programme 
in order to avoid reinjury. Injury prevention 
measures are considered an essential part of 
team training, especially for players recover-
ing from injury [4].
The medical staff should understand the 
expectations of injured players in terms of the 
return-to-play process. Before starting the treat-
ment process, the football-specific goals of the 
Fact Box 4
 – The return-to-play process is influenced 
by the level of compliance of the injured 
player.
 – Close communication between the 
player, medical staff and team staff is 
fundamental.
 – The team coach is the most important 
person for a player during the return-to- 
training and return-to-competition 
periods.
 – After reintegration of the player in offi-
cial matches, the team coach is also an 
important factor for secondary and ter-
tiary prevention.
 – To make an adequate decision on the 
reintegration of a recovered player into 
team training, the team coach requires 
objective information such as return-to- 
play screenings tests but also an indi-
vidual assessment of the player.
59 Expectations and Responsibilities of Players and Team Coaches in the Return-to-Play Process
pieter.orthopedie@gmail.com
804
player for the season, the near future or the gen-
eral football career should be assessed in detail. 
A typical example for this important evaluation 
is a traumatic rupture of the meniscus, which 
includes the potential indication of a meniscus 
suture. Because of the long lay-off from football 
after arthroscopically meniscal repair (suture), 
many professional football players expect an 
alternative treatment option such as partial 
resection to be able to return to play more 
quickly.
Another important aspect is that the decision 
of football players on the time point of return to 
play is highly subjective. Older players are 
more experienced in listening to their body and 
in assessing their readiness to return to play 
than younger players. Both the objective crite-
ria for the return-to-play process and also the 
subjective feeling of the football players them-
selves have to be considered when deciding on 
the time point of return to play. Thus, the team 
physician should be open to the opinion of the 
recovered player to avoid decisions made 
against doctor’s recommendations. In junior 
football, a player’s successful return to play 
after injury depends on sufficient communica-
tion between the parents and the team coach. 
Junior players who have not sufficiently recov-
ered from their injury should not be enticed by 
family members or the team coach to return to 
play football. On the other hand, team coaches 
should be aware if players with minor injuries 
are overprotected by their parents. At a first 
glance, this aspect does not appear to be rele-
vant; however, young football players may only 
advance to the elite junior level when pushing 
the limits in several aspects.
59.7  Expectations of Team 
Coaches During the Return- 
to- Play Process of Injured 
Players
After the injury of a player, team coaches have 
specific expectations on the player and the medi-
cal staff. As the main responsible person in a 
football team, the team coach has to supervise all 
processes concerning training sessions and 
matches. General rules for both players and med-
ical staff are therefore essential:
 – Team coaches need to be in close communi-
cation with the injured player and the medi-
cal staff about the healing and recovery 
process.
 – Team coaches expect the medical staff to con-
duct every step of the return-to-play process 
according to current scientific knowledge. 
Moreover, team coaches expect to be informed 
about any complication or delay in the time 
point of return to play to be able to restructure 
seasonal planning.
 – During the last stages of the return-to-play 
process, team coaches expect to be informed 
in detail about athletic, neuromotorical and 
football-specific skills by both medical staff 
and the players themselves, which is impor-
tant for making decisions on players’ reinte-
gration into team training.
 – Team coaches expect their players to adapt 
their daily routine to the specific requirements 
of the rehabilitation period, for instance, 
additional training sessions, well-balanced 
nutrition and learning from past mistakes. 
The goal for all players is come back 
stronger!
 – Team coaches further expect players to imme-
diately report any minor complaints and inju-
ries during or after reintegration into team 
training or competition. Well-adapted return- 
to- play training sessions are only possible, if 
players regularly inform the team coach about 
their well-being or the occurrence of any new 
problems, which might increase the risk of 
recurrent injury. Because the majority of foot-
ball coaches are former players, they are usu-
ally rather experienced with injuries. 
Non-verbal communication with players and 
subjective assessment during the training ses-
sions are also helpful tools.
A recent study has shown that team coaches 
are able to provide detailed insight into ongoing 
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return-to-play processes [10]. In the above inves-
tigation, almost all team coaches knew the neu-
romotorical and athletic measurements of their 
players, which enabled them to make decisions 
on the time points of return to training or return 
to competition. Moreover, the investigation 
showed that preseasonal screening tests are con-
ducted in only approximately 50% of all elite 
amateur football teams.
59.8  Decision-Making  
at the Different Stages 
of the Return-to-Play Period
The return-to-play process consists of specific 
stages [39], which are differently organised and 
managed at the various skill levels in football. 
Professional football clubs with their large finan-
cial power are not only able to provide a large 
group of experts for the return-to-play process of 
injured players but also high-quality medical 
equipment, which represents a major contrast to 
services available at amateur football clubs. 
Negative aspects of return-to-play processes in 
professional football are time pressure, missing 
or insufficient communication and the expected 
high physical and psychological demands on the 
injured player after return to play.
From football players and team coaches’ point 
of views, return-to-play processes involve several 
responsibilities but also some pitfalls. To avoid 
problems during the return-to-play process, foot-
ball teams need a structured system. While most 
professional football clubs have already estab-
lished such a system that includes several experts 
who know their responsibilities in the return-to- 
play process, such structures are lacking in ama-
teur football. The following figure shows the 
different responsibilities of football players, team 
coaches and medical staff in the different stages 
of the return-to-play process (Fig. 59.1). While 
medical staff, particularly the medical doctor, 
dominate the decision-making for the treatment, 
the rehabilitation period until the return to team 
training is dominated by medical staff members 
like physical therapists or athletic coaches. At the 
end of the return to play process, the team coach 
has to decide, if the former injured player is fit 
enough for competition.
At the end of each return-to-play stage, the 
decision to proceed to the next stage needs to be 
made. The popular phrase ‘return-to-play deci-
sions after football injuries are a team decision’ is 
correct; however, it does often not reflect reality. 
The decision only represents a team decision if 
agreed upon by all experts. But different experts 
may have different points of view and sugges-
tions at each stage of the return-to-play process. 
Fact Box 5
 – The team coach is the most important 
decision-maker in the return-to-play 
process after injury, once the player 
returns to team training.
 – To understand decisions made by the 
team coach, injured players, medical 
and other staff need to know the expec-
tations and knowledge of the team coach 
on the return-to-play process after 
injuries.
 – Return-to-play decisions of team 
coaches are highly influenced by their 
own experience with injuries during 
their own football career.
 – Football players have specific expecta-
tions on the return-to-play process, and 
it is the responsibility of physicians to 
inquire and consider the expectations of 
the players.
 – The football-specific aims of an injured 
player are essential for the development 
of a well-adapted treatment and reha-
bilitation programme to reach the tar-
geted football level.
 – Medical anamnesis directly after injury 
is necessary to understand a player’s 
expectations on the healing process.
 – Return-to-play decisions may be influ-
enced by the pressure of professional 
players to return to play football as early 
as possible as well as by the natural 
desire to play football of both profes-
sional and amateur players, which may 
result in premature return to play.
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In this case, the injured player needs to know 
who the best expert is for the different stages of 
the return- to- play process and who will make the 
final decision. The last stage, the return to com-
petition stage is decided at all football skill levels 
mainly by the team coach.
At the end of any discussions about decision- 
making and theoretical structures, it must be 
clearly determined who will have the authority to 
make the final decision on the time point of return 
to play. Apart from the last decision on return-to- 
competition that is made by the team coach, all 
decisions are ultimately made by the football 
players themselves and all other persons just act 
as consultants. Only the team physician may dis-
agree with the decision made by the team coach 
or the player in the case of any risk to the player’s 
health. In such situations, the team coach should 
accept the professional opinion of the team phy-
sician and discuss the best decision for the player 
and the team with the player and the physician 
(Fig. 59.2). Such situations are potentially diffi-
cult with regard to team building and authority. In 
the case of concussion, for instance, players and 
team coaches have been known to press medical 
doctors for an earlier return to play [44]. Thus, 
mutual respect is absolutely essential for any dis-





II Return to walk/return to move
III Return to activity/return to sports
IV Return to individual training
V Return to team training
VI Return to competition
Team coach Player Medical staff
Fig. 59.1 Compilation of responsibilities and main decision-making authority of the team coach and player at the dif-
ferent return-to-play stages
Fig. 59.2 Team coaches in amateur and professional football are head of the team (mid picture, FW) with closed com-
munication to players (left picture, TS) and medical doctors (right picture, WK) regarding return-to-play decisions
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staff need to use simple and football-adapted lan-
guage to ensure that players and team coaches are 
able to understand the medical terms. Moreover, 
players and team coaches can expect team physi-
cians and other medical staff to be familiar with 
the specific requirements of football. Players and 
team coaches should understand that the rule of 
medical doctors is to ‘play safe’ with a kind of 
‘fear to make mistakes’. On the other hand, phy-
sicians have to accept that always doing the right 
thing in terms of the return-to-play decision is not 
always possible and suitable in football [25]. 
Only close communication with players will 
enable medical doctors to accept a higher risk by 
the players for an early return to play.
Take-Home Message
In general, the phrase ‘return-to-play decisions 
after injuries in football are team decisions’ is cor-
rect. Thus, the different stages of a return-to- play 
process involve different experts who decide if the 
injured player is able to proceed to the next return-
to-play stage. Football teams require clear agree-
ments about the respective responsibilities of each 
member of staff and close communication among 
team members to guarantee a smooth return-to-
play process, particularly over the course of the 
different return-to-play stages. Hardly any scien-
tific evidence is available on this topic. Future sci-
entific work in this field should include the view of 
team coaches and football players on the return-to-
play process. Good understanding of the different 
professions in a football team requires simple non-
technical language, a team coach knowledgeable 
in general medical issues and medical staff famil-
iar with football-specific requirements.
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60.1  Introduction
Injury management is a vital aspect of football 
medicine. The final stage of the process where it 
is determined when players should return to train-
ing and more importantly when they are able to 
return to play is a key stage in the process. Players 
are required to return as early as possible to enable 
them to contribute to the team performance. At 
the same time, it is important that the return is not 
premature as this can result in setbacks in the 
recovery process, recurrence of the injury, and 
increased likelihood of further injuries.
So where are we going? It is not and may not 
be a guessing game. Taking into account the lat-
est scientific publications, the study of the RTP 
has made limited progress [1–3]. Today only few 
studies are addressing the situation properly and 
are focusing on the reality of football [4].
This leads to two key questions:
 1. In what way do we assess RTP today?
 2. How should we understand the RTP process?
Is RTP merely used as a static step composed 
of a series of issues that must be fulfilled when 
the injured player has reached the final recovery 
stage, or is it a constant decision-making pro-
cess? Every decision starting with those made at 
the beginning of the injury process affects the 
final RTP criteria [5]. The first decision leads to 
the next, and they turn into a network of deci-
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sions that imply a long process where the differ-
ent variables interact. But, which are the 
variables?
 1. A correct diagnosis
 2. A strict control of the physical loading during 
the recovery process
 3. A well-planned management of the sport risk 
modifiers and decision modifiers
In order to fully understand and explain these 
variables in depth, it is important to stress that 
RTP has to be understood as a dynamic and per-
sonalized process. The main objective is to 
reduce the risk of reinjuries and not to exactly 
predict the RTP in terms of time. It is important 
to note that this is not a guessing game. During a 
dynamic process, there are lots of different fac-
tors that interact and modify the final result.
60.2  A Correct Diagnosis
A common and serious mistake in the RTP is 
incorrect diagnosis. It is related to incorrect and 
badly planned decisions about the injury and has 
influence on the final results [6]. Accordingly, it 
is important to understand that RTP is influenced 
from the beginning of the recovery process.
A correct diagnosis is the most relevant step in 
RTP; it is in fact the cornerstone in this process. 
We cannot rely only on the MRI, or GPS alone, 
but must consider all parts together with clinical 
symptoms, and we must understand that all those 
are an important part in the decision-making 
process.
In reference to the diagnosis, many variables 
must be taken into account when dealing with 
football-related. Anatomical variability and dif-
ferent healing capacity of connective tissues, 
such as tendon, muscles, and fasciae [7–9], are 
important to define when dealing with a muscle 
injury [10]. Thus, it must be born in mind that 
tendon healing [11] is much different compared 
with muscle repair. It is also important to differ-
entiate between first-time injury and reinjury up 
to the point where the player may have a chronic 
problem.
It is important to differentiate the recovery 
process based on the exact needs of the injured 
player and carefully monitor the progress of 
rehabilitation and the impact an injury may have 
had on the overall fitness and mobility but also to 
provide lifestyle and dietary advice that may 
enhance the recovery process. It is also the 
responsibility of the medical team to ensure that 
players do not take harmful or banned substances 
in their quest to facilitate RTP.
60.3  Strict Controls of Tissue Load
RTP is determined by several issues. While the 
range of definitions of RTP is wide, the most 
appropriate concept in RTP definition [12] is full 
Fact Box 1
What is the role of MRI in RTP?
It is agreed that MRI is not a useful tool 
in the final criteria of RTP (Reurink, 2015; 
Reurink, 2014), but it is very useful in the 
diagnostic evaluation (Petersen, 2014). 
Several injuries must be treated by surgery 
without delay immediately, and if the clini-
cians are not skilled in interpreting the MRI 
and clinical symptoms, the final RTP pre-
diction will be inaccurate (Moen, 2014).




• Quadriceps and hamstring muscle 
strengthening
Return to play should be considered 
when quadriceps and hamstring strength 
has reached 90% or more of the contralat-
eral side, physical examination demon-
strates a stable ligament with a firm 
endpoint, and the player has regained phys-
ical function and psychological readiness 
to return.
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availability to train and participate in matches. 
Also, the training phase has to be understood as a 
part of the recovery process. There are several 
goals to consider before making the decision that 
it is time to return to play. These include:
 – Reaching a pre-injury level
 – Completion of a rehabilitation program
 – Full activity and availability for training 
sessions
These concepts require further definition.
What does the pre-injury level mean? Is it a 
point where the player is always 100% healthy?
Who can state that the player at the pre-injury 
level was healthy and free of injuries [13–15]?
Taking the pre-injury level into account, it is 
important to understand whether the pre-injury 
level was a possible risk factor for injury. This is 
in most cases more relevant for noncontact inju-
ries. Often the pre-injury level was a part of an 
incomplete adaptation to a complete injury recov-
ery, which might indicate that the player was 
already at risk. Would the player have been less 
likely to suffer the injury if his/her pre-injury 
condition was better? Was there an indication 
that the player was at risk for a specific injury? 
Was the injury related to a loss of strength? And 
if the player had deficits in terms of muscle 
strength, what was the cause? There are many 
possible factors that can result in a player ending 
up with an increased risk of injury. The type of 
injury and reason for strength deficits and loss of 
flexibility are key factors in determining RTP 
[13]. Some of the points to consider are found in 
Table 60.1.
Customizing training loads is the second key 
component in RTP [16]. Football has become 
more scientific requiring players and coaches to 
adapt to the “new sport” quickly. Some strategies 
and coaching methods are obviously outdated. 
Most of the exercises, included as a secondary 
prevention, don’t have any preventive effect and 
most of the time just overload the muscles. 
Therefore, it is imperative to discuss changing 
the concept of prevention. The goal should not be 
seen as prevention per se, but instead the concept 
of “adaptation” should be introduced.
Muscle strain injury should not be understood 
as a mechanical disruption of healthy tissue, but 
as series of aberrant adaptive responses that, over 
time, will not allow the tissue to adapt to increased 
loads and stress. There have been numerous 
advances in the understanding of the human body 
functioning. This has led to new methods and 
ideologies in terms of structure, type, and inten-
sity of training, with the aim of maximizing foot-
ball performance but at the same time also 
maintaining player health.
Medical teams should do what is possible to 
enhance their functioning and create an under-
standing for some of the decisions taken by edu-
cating players and technical teams. They should 
simplify concepts and communicate both short- 
and long-term goals and also the risks that might 
be the result of the decisions they make [17]. 
Educating all other stakeholders related to the 
development of rehabilitation of a specific player 
highlights the practical implications, and a bene-
fit for them is important.
A static assessment of a player’s skills, regard-
less of the specific sport environment, is a new 
challenge that sports physicians must face. 
Important information is no longer only derived 
from the medical room. Apart from clinical 
examination and MRI, attesting on the training 
field, for instance, using GPS [18–20], is consid-
ered important by many medical and technical 
teams in personalizing the progress of the injury 
and obtaining a solid framework to validate the 
Table 60.1 Possible causes of increased injury risk
Question to ask Example
Training deficit During the training sessions, 
certain muscles were not 
loaded appropriately
Wrong periodization 
based on competition 
schedules
Were players given enough 
time to recover following 




• Prescribing resistance 
training exercises that are too 
intense or not appropriate 
when considering other 
training
• Creating an imbalance in 
contralateral muscles
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RTP and in the assessment, monitoring, and man-
agement of soft tissue loading. Technology to 
control workloads provides a lot of data, and phy-
sicians must validate what might be useful in 
determining the fit profile, which is the profile 
obtained by collecting data from every training 
and match when the player is absolutely healthy 
and in an optimal physical state.
There are different profiles within a team: 
with predominant acceleration, deceleration, or 
combination of both. This implies that different 
RTPs depend on the specific skills of the player. 
The variables collected daily from trainings and 
matches will help to shape the state of the player, 
where the most important are acceleration, decel-
eration, high-speed running (HSR), HML, 
sprints, and step balance. In this way, we are able 
to know what the individual player’s characteris-
tics are and then enhance the individual fit 
profile.
60.4  Individual Fit Profile 
(Fig. 60.1)
Tracking these variables long-term creates a full 
profile of each individual player based on his/her 
individual characteristics and can help identify 
the state where they are most vulnerable to inju-
ries, burnout, or overtraining and help to under-
stand the recovery progress better. During the 
recovery process, adapted circuits are focused on 
the objective that is needed to reach. They are dif-
ferent depending on whether the objective is 
speed or strength.
The use of on-field technology enables assess-
ments of whether the player is ready not only for 
intense physical activity but also for intense 
activity against an opponent and can provide psy-
chological input by analyzing hesitation on the 
part of the player and whether they are willing to 
push the body to the maximum. This could indi-
cate fear of reinjury and lack of confidence to be 
able to last through the competition. These psy-
chological variables could become manifest in 
physical symptoms, such as slower reaction times 
and increased muscle tension, which could also 
act as an injury risk in itself (Fig. 60.2).
60.5  Intelligent Management 
of Modifiers
The rules of different sports affect the return to 
play to a large extent; in football you need to be 
fully recovered from an injury, whereas in hand-
ball or basketball, you could start playing earlier 
because these sports allow frequent changes of 
players during the competition [21, 22].
Return to play does not necessarily dictate that 
a player must begin and end their first match after 
return. The laws of football enable the use of sub-
stitutions, which gives teams the opportunity to 
introduce a player gradually back into play and 
ensure that the strain and load is not too high, too 
soon.
For this reason we can assume that RTP crite-
ria could evolve in parallel with possible new 
rules in the future. Physicians must be involved in 
the sport and have a deep knowledge of the envi-
ronment to be able to manage intelligently the 
decisions made together with a player, technical 
staff, and coaches, and the physician’s acquired 
experience will increasingly depend on this 
knowledge.
Already there is attention to immediate care of 
injuries sustained during matches. Referees must 
be educated to identify immediate risks and know 
when to stop the play and give the medical team 
immediate access to an injured player on the 
field. There are guidelines that decide how to 
handle players who may have suffered a concus-
sion, but further input is required from doctors to 
ensure that player safety is always included as 
part of the laws of the game and tournament 
rules.
60.6  Ethics Aspects Related 
to RTP
Medical teams are employed by the football club 
to meet the requirements and needs of the club 
but at the same time are required to fulfill their 
obligations and to act in the interest of the player. 
These interests are sometimes not exactly the 
same. This means ensuring both the short- and 
the long-term welfare of the player in an environ-
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ment where there is constant pressure from all 
parties to ensure that the most important players 
are always available and there might be demand 
for premature return to play. This can result in a 
conflict of interest, where the medical team 
becomes emotionally involved and has the same 
desire to win trophies and be a part of a success-
ful club, as opposed to where it may be detrimen-
tal to the long-term health of the players, even 
though absence of the player could compromise 
the team’s success. Medical teams must find the 
best balance and a way to ensure both success 
and health within the team structure. This can be 
compromised by the player’s desire to return pre-
maturely to play [2, 23–27].
Patient autonomy dictates that the player has 
the rights over his/her body, and it is his/her deci-
sion when to play even if the player is still injured. 
Autonomy is linked to informed consent and 
ensures that players are part of the discussion 
when deciding if they are ready to return. 
However, players often make their decisions not 
only from a medical perspective but also influ-
enced by internal and external pressure, the 
importance of the competition, the opportunity to 
maintain place in starting lineup, financial bene-
fits, games leading to international call-ups, etc. 
Autonomy is often balanced by the benefits 
where a player would be entitled to the best pos-
sible medical treatment. This indicates that 
Fig. 60.2  Collecting 
data from training and 
competition is key point 
in the final RTP decision
Fig. 60.1 Assessing fit 
profile within the 
recovery process
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regardless of the consequences, medical teams 
must always act in the interest of the player using 
his/her experience and knowledge to make the 
best medical decision [2, 23–26, 28].
One of the other key ethical issues in terms of 
RTP is confidentiality. It is important that the 
details of the medical conditions of players are 
known only to those who need the information 
(such as the technical team) and permission from 
the player is respected. Given the popularity of 
football, there will always be a discussion about 
the relationship with the media and the fans, but 
it is important that the needs and rights of the 
player are well respected and that they are in the 
first place [2, 23–26, 28].
60.7  Club Versus Country
Players who represent their countries at interna-
tional level can be exposed to two different medi-
cal teams who may have different ways of working. 
This means that the level of care might not be the 
same. Often international players are required to 
stay with their international team for 10 days 
(excluding international tournaments such as 
World Cup, European Championships, Copa 
America, AFCON). This can result in interna-
tional federations being more willing to rush play-
ers’ return to play to ensure that the national team 
get the benefit of the player while looking at the 
fact that should the player have any reinjury or set-
backs with his/her recovery, it becomes the prob-
lem of the club. It is important that national teams 
manage the players properly both in terms of train-
ing loads and injury management. They should 
continuously be in contact with the club personnel 
and inform about injuries, irrespective of minor or 
major, and the risks to ensure that they manage 
each individual according to his/her requirements.
60.8  Where to Go Next?
As with other aspects of football, the concept, tim-
ing, and principles of RTP will continue to evolve. 
Research and information sharing will in future 
play a key role in developing the foundation of 
RTP at all levels of football. The big data concept 
is going to help in the future, because physicians 
will be able to share the medical experience from 
different environments and different countries and 
use it to improve the knowledge specially the 
issues used for RTP criteria [29–32].
Take Home Message
• The RTP decision-making process should be 
understood as dynamic, focusing on avoiding 
reinjuries and not on predicting the exact RTP 
time.
• On-field technology can be very useful as it 
may personalize the process of decision- mak-
ing, and will do it even more in the near future, 
but the clinical experience is valuable and the 
knowledge of the environment of the football 
is important as well.
• Decisions in terms of RTP must be ethical and 
protect the rights and well-being of the player 
involved.
• It is important to consider possible new rules 
in football that could influence the RTP 
decision- making process, in the same way 
modifiers are considered.
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61.1  Introduction
What do we mean by clinical judgement? 
Mosby’s Medical Dictionary defines clinical 
judgement as “the application of information 
based on actual observation of a patient com-
bined with objective and subjective data that lead 
to a conclusion [1]”.
The “actual observation” in a consultation 
consists of a history and clinical examination. 
There may be additional information from any 
number of diagnostic tests, such as blood, saliva, 
urine, imaging, heart rate, physical tests and GPS 
data.
As science advances with the advent of more 
diagnostic investigations, there has been a deval-
uation in the role of clinical judgement [2]. It 
appears that practitioner experience, history tak-
ing and clinical evaluation are valued less than 
investigations that are of more “scientific value”. 
The practitioner working in football is asked 
much more infrequently “What is your opinion?” 
in place of “What does the scan show?”
With the exception of a few conditions, such 
as fracture to the cervical spine without spinal 
cord injury and abnormal cardiac screening, there 
is inherent danger in treating the investigation 
rather than the player. Imaging often reveals inci-
dental findings of no clinical significance (3), and 
this can lead to unnecessary surgical intervention 
with increased risk of adverse events [3–5].
Nonetheless, we yearn for scientific clarity 
regarding the practice of football medicine. 
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Science, when researched correctly, is truth. 
Science not only confirms a hypothesis, but is 
robust to attempts to disprove the hypothesis. 
Patients and practitioners want to benefit from sci-
entific advances to improve health and perfor-
mance; however, the practice of history taking and 
clinical evaluation is very difficult to measure and 
validate. Whilst the sensitivity and specificity of 
clinical examination is studied and reported, we do 
not have high-quality scientific measuring tools to 
evaluate history and clinical evaluation [6].
61.2  Can We Quantify Return 
to Play Criteria?
Return to play requires a player to have appropriate 
aerobic and anaerobic fitness, strength, co- 
ordination and the ability to tackle, head, land, pass, 
shoot and move at high speed in multiple directions, 
with additional diving, catching and landing for 
goalkeepers. There is no single investigation or 
combination of investigations that can scientifically 
assess all these demands. These movements are per-
formed on a field and need to be evaluated in the 
same environment in order to be valid [7]. Clinical 
judgement for return to play cannot be performed in 
the confines of a clinic or office.
Return to play decisions depend on where the 
injury was sustained and can be time dependent:
 1. During a match
The only tools a medical team will have at this 
time are observing the mechanism of injury 
(occasionally with the benefit of video feed-
back), the history from the player (if he or she 
is conscious) or other observers together with 
the clinical examination. The decision here is 
whether the player can continue to play. The 
decision is often time critical in a competitive 
environment because the team is weakened by 
the loss of a player if the assessment is 
protracted.
 2. During training
Any injury during training is usually away 
from medical diagnostic services, and a deci-
sion to resume training is dependent on his-
tory and clinical evaluation, as with a match; 
however, this is less time critical and the medi-
cal practitioner can take longer to perform 
their assessment.
 3. Return from injury
A player may have an injury that requires 
absence from training and possibly matches, 
of either short- or long-term duration. There is 
opportunity for the use of diagnostics to assist 
clinical assessment.
In the first two scenarios, the decision to return 
to play has to be entirely clinical. There are no 
investigations available, and a decision has to be 
made in a short period.
The third scenario affords the opportunity to 
perform diagnostic investigations. The impor-
tance of the diagnostic tests regarding the man-
agement will depend on the education and 
experience of the practitioner, but also there are 
external factors that can influence. It can be dif-
ficult to justify a plan based on history and clini-
cal examination if the diagnostic investigations 
do not offer concordance. The first principle in a 
return to play decision requires an accurate diag-
nosis or diagnostic hypothesis, and if other mem-
bers of the multidisciplinary medical team are 
not behind the plan, this can cause problems. The 
player should be at the centre of a multidisci-
plinary medical team with good clear communi-
cation around him. If there are any weaknesses in 
the communication around the player, this can 
cause lack of confidence from the player and 
coaching team, with potential adverse effects.
61.3  The Rehabilitation Ladder 
and Decision-Making Model
The rehabilitation principles for return to play are 
defined [7]. For the large majority of injuries that 
are musculoskeletal, these are (Fig. 61.1):
 1. Reduction of pain and swelling
 2. Restoration of joint mobility and range of 
motion
 3. Recovery of muscle strength and endurance
 4. Recovery of co-ordination





There are decision-making models for return 
to play [8, 9]. Creighton outlines the competing 
factors that can affect a decision on return to play 
[8] (Fig. 61.2).
61.4  Is Return to Play  
Science or Art?
Whilst scientific validation is desirable and 
should be our ultimate goal, this model highlights 
the limitations of our current scientific method on 
the decisions required. Any scientific study with 
such a range of competing interests and potential 
for bias would be quickly discredited. The great 
majority of the decision-making model is based 
on clinical judgement, with value-driven 
modifiers.
We should, therefore, consider how much of 
the decision on return to play is science? 
Cosmacini states that: “Medicine is not a science, 
but a practice based on science that operates in a 
world of values [10]”. This is consistent with the 
approach required for return to play. Kelly et al. 
state “Values infuse evidence (in all sciences) at 
many levels [11]. Evidence based medicine 
(EBM), like all science, is necessarily value- 
laden. Not only is eliminating values from the 
scientific method—in general and the EBM pro-
cess in particular—impossible, but in trying to do 
so, researchers may introduce new (mostly covert 
and unacknowledged) biases”.
The problem with values, however, is that 
from an individual (practitioner, player, coach, 
board member) or team (organisational) perspec-
tive, this is different from person to person or 
team to team, and this has an effect on clinical 
judgement.
There are ethical challenges for the doctor 
working in a professional environment that are 
outlined in a previous section. This can affect 
clinical judgement, which is open to interpreta-
tion and can also vary from person to person 
depending on experience, training, knowledge, 
pressure and values. In the absence of a good sci-
entific tool to validate the clinical judgement, it is 
Fig. 61.1 Five phases 
of rehabilitation leading 
to maximal functional 
recovery possible
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legitimate to try to validate that decision with an 
investigation such as imaging. This can often 
assist with the communication and commitment 
to the recovery plan by the player and coach by 
providing additional information. There is, how-
ever, an important distinction between requesting 
imaging to support a clinical hypothesis and 
requesting an investigation blindly. It is impera-
tive to assist any radiologist by asking appropri-
ate questions and offering appropriate clinical 
findings in order to confirm the clinical hypothe-
sis [2–4]. The usefulness of a radiological exami-
nation can be reduced if the clinical background 
and the specific problem to be answered are not 
provided with the request [12].
There needs to be a renaissance in accepting 
clinical judgement on return to play, as ultimately 
the decision is almost entirely clinical [2]. Whilst 
the evidence for orthopaedic surgery and sports 
medicine is so poor, there needs to be much more 
scientific scrutiny and research to support clinical 
judgement [4, 13]. Practitioners employed by 
professional clubs may be open to “employer 
bias”, in much the same way as researchers can 
be affected by funding from the pharmaceutical 
industry. The practitioner’s first duty is to the 
patient; however, clinical judgement is open to 
error and mistakes justified by cognitive disso-
nance [14]. It is, therefore, imperative that the 
player (patient) is fully informed of any medical 
treatment and rehabilitation goals and is involved 
in all decisions unless they lack mental capacity 
to do so, such as with concussion [15].
The management of concussion over the years 
is an example where clinical judgement has been 
possibly suppressed even with scientific evidence 
of the potential for long-term harm due to chronic 
traumatic encephalopathy [16]. The management 
of concussion is an example of the need for clini-
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protocols for player safety. There are a number of 
investigations that may become more useful in the 
confirmation of the diagnosis of concussion and 
possibly the degree of concussion; however, the 
diagnosis and management is currently based on 
clinical observations and findings [15].
61.5  Mitigating Against Clinical 
Judgement Bias
How can the practitioner mitigate against the 
potential inherent bias of clinical judgement? 
This involves putting the player at the centre of 
the decision-making process regarding his injury 
management and a multidisciplinary medical and 
science team approach. Shared decision making 
is consistent with good medical practice [17].
This model of care can challenge previous per-
ceived need for surgery for injury and reduce the 
time to return to play [18]. Albeit that the practice 
of shared decision-making is difficult to fully vali-
date scientifically from a patient outcome perspec-
tive, it is still considered good practice [19, 20].
At the professional level, a player may trust 
his or her agent (without medical training) as 
their advocate more than the medical team 
employed by the club. It may be helpful to there-
fore consult a respected opinion more indepen-
dent of the club to ensure consistency of 
information and risk assessment.
Where a multidisciplinary medical and science 
team are available for the player, there should be 
mutual respect and co-operation. The team should 
be focussed on clinical and performance issues. 
This involves shared decision- making between 
the team, so there is a consistent message, method 
and approach. All members should agree that the 
player is fit to return, together with any external 
consultant (such as a surgeon if recovering from 
surgery). Whilst clubs employ more medical and 
science staff, the scientific evidence of return to 
play remains very poor [13, 21].
Ultimately the final decision on return to play 
should rest with the player when he or she is con-
fident that they have recovered and completed the 
five phases of rehabilitation, including on-field 
activities to test appropriate football-specific 
movements and skills before resuming competi-
tive action. When the player is available for selec-
tion, the coach is responsible for team selection 
but may require advice on load management.
61.6  The Future
We face a dichotomy. We wish to offer the best 
care to players by offering up-to-date evidence- 
based medicine to support return to play at the 
optimum time. This discourages practice based 
on impressions, arrogance or exclusively eco-
nomic consideration. The practice of return to 
play has poor scientific validation, and we should 
all encourage and support more research in this 
area for the benefit of players. Nonetheless, to 
use bad science to usurp the power of clinical 
judgement is counterproductive to the best inter-
ests of patients.
Fanos uses a formula to suggest the future of 
medicine:
FM = EBM + MBE + OBM + NBM
where FM is the future of medicine, EBM is 
evidence-based medicine, MBM is medicine- 
based evidence (evidence based on clinical expe-
rience, what has been learned by practice from 
patient and case exposure), OBM is omics-based 
medicine (medicine based on the omics technolo-
gies) and NBM is narrative-based medicine (the 
importance of communication and medical 
humanities) [10].
Current practices regarding decisions on 
return to play are largely dominated by the least 
scientific numerators of Fanos’ formula, namely, 
medicine-based evidence (eminent-based evi-
dence) and narrative-based medicine, which are 
the major features of clinical judgement. It is to 
be hoped this proportion will reduce with 
advances in evidence-based medicine and omics- 
based medicine.
Take-Home Message
The scientific evidence for return to play is poor. 
More research is needed.
Clinical judgement is undervalued, but 
remains the major decision-making process of 
return to play.
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Practitioners should be wary of devaluing 
clinical judgement in place of poor scientifically 
validated investigations or tools.
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62.1  Introduction
The role of the surgeon as it relates to return to 
play (RTP) is a unique and, at times, challenging 
position. Team sports, particularly at an elite 
level, invariably have a complex political land-
scape that requires attention by the orthopedic 
surgeon to ensure the best possible outcome for 
the athlete. But regardless of the intricate nature 
of RTP, we hold our role as a privileged one with 
the chance to have a truly meaningful impact on 
an athlete’s present situation as well as their 
future well-being.
The following chapter details our approach to 
RTP and particularly how the consultant surgeon 
comes into play. An appropriate diagnosis and 
understanding of a player’s physical and mental fit-
ness are prerequisite to postoperative success. An 
honest and detailed discussion of goals and expec-
tations is critical to have with the player and their 
surrounding sphere of influence prior to embarking 
on the road to recovery—this ensures that all 
involved parties have an appropriate understand-
ing. Where there are questions, either from the 
player or team, these should be addressed candidly 
with every effort to create a unified plan preopera-
tively. And while high-caliber surgical technique is 
important, this merely lays the framework for the 
rehabilitation process to come. Both quantitative 
and qualitative metrics help drive the RTP algo-
rithm, and ultimately, the definitive decision is a 
multidisciplinary one with the surgeon at the helm.
62.2  Team Approach
At all high levels of play, the injured athlete is 
surrounded by a host of individuals who have a 
role in their RTP algorithm. And while we advo-
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cate for the surgeon holding the key position as it 
relates to the medical well-being of the player, 
the entire decision pathway necessarily involves 
multiple people. From the medical standpoint 
alone, each team will typically have a head sur-
geon, primary care sports physician, athletic 
trainer, physical therapist, strength and condi-
tioning coaches, nutritionist, and possibly other 
affiliates. And while this represents the typical 
scenario for elite teams, medical representation is 
often more sparse for lower-level athletics. 
Additionally, the coaches, the front office staff, 
and the player’s agent are all intimately involved 
even if not from a medical perspective. This cre-
ates a complex environment with which to 
approach RTP, and certainly, each player and 
organization represents a unique situation.
One of the reasons the surgeon plays such a 
vital role is not just for the operative expertise but 
perhaps more so for the ability to globally direct 
the care of the injured athlete. As with all our 
patients, it should be born in mind that the pri-
mary allegiance is to the player—not the coaches, 
organization, or any outside voices that may be 
present. Indeed, all of the aforementioned parties 
are important in the discussion surrounding 
injury, but the surgeon is ultimately responsible 
to the athlete and for their recovery process. 
Although historical, the Hippocratic oath still 
sets the ethical framework for sports medicine 
interactions in modern times.
Figure 62.1 depicts the interplay between all 
such parties, and open lines of communication 
with all involved are emphasized. While the sur-
geon is directing the process, reliance on trainers 
for functional demands, therapists for strength/
movement assessments, and coaches for under-
standing expectations is all vital to a successful 
road to RTP.
Interestingly, consultant surgeons are com-
monly utilized either at the player’s request or 
the behest of their agents or families; however, 
the role of the consultant specifically is rarely 
discussed in forums such as this. The involve-
ment of the consulting surgeon automatically 
inserts him or her into the operative and RTP 
equations and subsequently places them in a 
unique position. Much of the onus is on the con-
sultant to navigate the dynamic of the surround-
ing team and communicate appropriately. 
Coordinating specifically with the head team 
physician and head trainer [and, at times, coach/
administration] is part of the duty of the consul-
tant to ensure an athlete’s successful reintegra-
tion to the team. Although one’s own RTP 
protocol sets the framework, flexibility and 
appropriate adaptations are important given that 
the actual rehabilitation rarely occurs in geo-
graphic proximity to the consulting surgeon. As 
such, listening to the thoughts and advise of 
those working directly with the player should 















Fig. 62.1 Complex 
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62.3  Accurate Diagnosis and Best 
Treatment
While seemingly an obvious point, obtaining a 
correct diagnosis is not a foregone conclusion, and 
its implications to the life and career of any athlete 
are profound. Discussing the nature of the injury 
with the patient and those present at the time is 
helpful along with any photographic or video evi-
dence to provide a context for injury mechanism. 
Even with the advent of modern diagnostic tools, 
an accurate history and meticulous physical exam 
remain the mainstays of diagnosis. Regardless of 
the condition, imaging is invariably obtained, and 
it can be helpful to delineate etiology as well as 
alter or direct the treatment algorithm. Given the 
implications injuries can have for a player’s liveli-
hood, the consultant should take care to avoid ren-
dering a hasty diagnostic conclusion. A thoughtful 
consideration of the player’s anatomic abnormal-
ity, mind- set, and team status is a must. It is impor-
tant to keep in mind that the player may have had 
multiple consults and explanations regarding their 
particular malady. As such, how the consultant’s 
impression and plan may not necessarily conform 
or agree with what the player has been told. 
Ultimately, an honest discussion of the player’s 
diagnosis and plan is advocated; be concise, ratio-
nal, and clear. If language, cultural, or educational 
barriers exist, these should be addressed as best as 
possible to allow the athlete to gain full under-
standing of their condition and make a maximally 
informed decision.
Following the determination of an accurate 
diagnosis, the consultant should be prepared to 
administer individualized treatment to the 
affected athlete. This requires that surgeons stay 
up-to-date with the most recent literature [best 
practice] and pair it with their experience and 
skill set. As an example, Fact Box 1 highlights 
the variability of RTP and timeline with various 
cartilage repair techniques. The consultant need 
be well aware of these studies as they should 
drive the discussion of RTP expectation and dura-
tion. Additionally, and particularly as it relates to 
chondral defects, the network of options contin-
ues to grow; it is the job of the surgeon to help the 
player wade through what may or may not be 
viable options. Although cost is often not an 
obstacle for professional athletes and organiza-
tions, prudency and safety still warrant consider-
ation. Ultimately, the best operation is the one 
that has a durable track record and can be per-
formed well in the hands of the surgeon.
62.4  Well-Being
One of the often neglected aspects to injury is the 
psychological well-being of patients. Hall-of- fame 
basketball player, Earvin “Magic” Johnson, once 
spoke of the difficulty of RTP following a serious 
injury: “I had lost a lot of confidence during the long 
lay-off. And for a long time after I returned, I still 
held back. All I could think about was protecting my 
knee from another injury” [5]. Like a pilot with bad 
eyes or a surgeon with a lame hand, a serious sports-
related injury to an elite athlete has the potential to be 
both physically and mentally devastating. And while 
surgeons tend to ignore the psychological aspect of 
recovery as the softer side of medicine, it would be 
foolish not to recognize the significant effect it has on 
RTP, particularly at the highest levels of sport.
A recent consensus statement highlights the 
importance that a more holistic biopsychosocial 
view plays in understanding athletic injuries [6]. 
The risk of injury is certainly more than physical 
factors alone as detailed in Fig. 62.2, and a solid 
appreciation of this can influence the recovery 
process. In fact, a recent study yet to be published 
out of our own institution [Benedict Nwachukwu 
& RJW] evaluated a variety of preoperative out-
Fact Box 1 RTP rate and timeline with 
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come scores and found that only the SF-12 
 correlated to RTP. Low scores on the mental [and 
physical] components of the SF-12 significantly 
predicted failure to RTP, which has potential 
implications for setting expectations and coun-
seling athletes preoperatively.
Outcomes [and ultimately RTP] are mated to 
a player’s cognition, affect, and behavior as it 
relates to their injury. Likewise, gaining an 
appreciation for the motivations behind RTP 
may not always be so simple. For professional 
athletes, their career is at stake, and perhaps their 
incentives are more transparent. But one study of 
elite and sub-elite athletes found that intrinsic 
motivations were associated with a positive psy-
chological outcome, while extrinsic provoca-
tions led to a negative psychological outcome 
[7]. Accordingly, attempts have been made to 
quantify this with scales such as the Injury-
Psychological Readiness to Return to Sport 
(I-PRRS) scale [8] although this has not yet been 
widely adopted. Regardless, the guiding princi-
ple is acknowledging the effect biopsychosocial 
factors have on outcome [as well as the potential 
for reinjury] and allowing that to impact an indi-
vidual’s RTP protocol.
62.5  Goals and Expectations
As it relates to the discussion of goals and expec-
tations surrounding an operative injury, surgeons 
often address this in two separate but intertwined 
conversations. The first [and most important] is a 
face-to-face discussion with the player. It is then 
important to have a similar conversation with the 
team to provide information and also learn their 
perspective on the player’s future.
62.5.1  Player
As previously mentioned, the primary duty of 
both the head team physician and consultant sur-
geon is to the player, and that must always 
remain in the forefront. A concerted effort to 
explain the nature of the injury is made, the sur-
gical options and plan required to address it and 
the anticipated recovery and timeline—often in 
the presence of the family and/or agent. At times, 
this is a relatively straightforward conversation 
depending on the player and situation; however, 
it can be a fairly lengthy process and accommo-
dations must be made to provide appropriate 
education and time for a decision. There are 
many factors that play into an athlete’s decision, 
and the surgeon must make an effort to be aware 
of these as well.
Assuming that operative intervention is cho-
sen, expectations should be very clearly delin-
eated. The surgeon must gain an understanding of 
the player’s short- and long-term goals as it relates 
to his/her career and then tailor the ensuing dis-
cussion accordingly. As opposed to providing 
generalized numbers like 55% RTP rate across all 
sports following anterior cruciate ligament (ACL) 
reconstruction [9], it is important to provide spe-
cific data as it relates to each individual as demon-
strated in Fact Box 2. Physicians and others 
involved in the treatment should never seek to 
remove hope from the equation; laying out an 
honest, forthright set of expectations from a medi-







Fig. 62.2 Injury risk profile as it relates to biopsychoso-
cial factors. Figure adapted from text within Wiese- 
Bjornstal DM. Psychology and socioculture affect injury 
risk, response, and recovery in high-intensity athletes: a 
consensus statement. Scandinavian Journal of Medicine 
& Science in Sports. 2010;20(s2):103–11




In discussing the injury situation with organiza-
tion, it is integral to gain an understanding of 
their view on the player’s current status and 
future role. While this should not alter the treat-
ment plan of the surgeon, it does provide a useful 
perspective on the more global situation. 
Although most teams work in concert with the 
medical staff, one should be prepared to defend 
the indication for surgery as well as the rationale 
for the necessary rehabilitation and timeline, 
especially if prolonged. For the consultant sur-
geon, many players elect to recover either at 
home or near the team, both of which are usually 
geographically removed from the surgeon—as 
such, the rehabilitation process should be rooted 
in one’s own protocol but not so rigidly as to not 
adapt to the needs of the athlete and the culture of 
the team. There should be “hard stops” that must 
be met, but acknowledge areas of flexibility that 
can be altered along the way. Regardless of prox-
imity to the player, the onus is on the surgeon to 
stay engaged throughout the entire rehabilitation 
process, communicate regularly with the team’s 
medical staff, and manage the recovery journey.
62.6  Rehabilitation
One of the guiding principles of RTP is that the 
timeline should not outpace the physiology of the 
surgical repair. Certainly, some athletes’ constitu-
tion and symptomatology will allow for an accel-
erated course, but this should not be at the 
expense of the healing process. For instance, our 
anecdotal experience is that shorter footballers 
often feel better faster in comparison with their 
basketball counterparts following ACL recon-
struction, which may well stem from an easier 
functional recovery given significantly lower 
weight and shorter limb and trunk length. These 
athletes often push to get back to running, cut-
ting, and pivoting far sooner than their biology 
will support. Until true ligamentization occurs 
(approximately 6–12 months) [14], RTP places 
the graft and the patient at significantly increased 
risk for reinjury, e.g., after an ACL reconstruc-
tion. Such caution should be held for all situa-
tions in which an accelerated course is the goal.
Fitness is often well addressed by trainers and 
therapists but tends to be overlooked by surgeons. 
Mental fitness has already been discussed and 
remains a key component that may require spe-
cial attention from a sports psychologist or simi-
lar specialist. Cardiovascular fitness should also 
not be ignored as it can usually be built up con-
comitantly during the rehabilitation process, and 
without the requisite endurance, effective RTP is 
a foolish endeavor. Similarly, neuromuscular fit-
ness requires the critical eye of therapists and 
trainers along the way. Focusing on a functional 
recovery of the injured limb is the primary goal; 
however, this postoperative period provides an 
excellent opportunity to address poor movement 
patterns, many of which predated the injury [15]. 
To that end, using the contralateral side as the 
benchmark for success may be flawed in certain 
individuals, and the surgeon must be in tune with 
the therapists so as to not make a premature RTP 
decision.
Our preference during this process has been to 
utilize both quantitative and qualitative assess-
ments to track progress as well as make the final 
RTP determination. Postoperative imaging modali-
ties, isokinetics, and testing such as KT-1000 all 
provide objective, quantitative measurements that 
speak to the state and rate of healing. Surgeons also 
rely heavily on the training staff for their qualitative 
assessment of functional movement analysis. The 
so-called performance pyramid [16] is depicted in 
Fig. 62.3 and provides an easy framework for 
understanding the progression that must be 
Fact Box 2 RTP rate and timeline following 
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achieved by athletes en route to RTP. Essentially, 
foundational movement patterns must be estab-
lished prior to addressing higher-level performance 
and eventually position-specific skills necessary to 
play the game. Figure 62.4 demonstrates an exam-
ple of the basic framework for analyzing the qual-
ity of movement specifically as it relates to recovery 
from ACL reconstruction. Addressing contralateral 
deficiencies has been mentioned, but in an even 
broader sense, the importance of the entire kinetic 
chain cannot be overstated—there is limited utility 
for a strong, stable knee in the setting of weak hips 
and poor truncal control. Ultimately, a functional 
recovery requires an astute physical therapist, dili-
gent trainers, and open lines of communication 
with a surgeon willing to listen and make adjust-
ments as needed.
62.7  Case Examples
62.7.1  Case #1
A 17-year-old senior is his high school team’s 
star defensive midfielder and his being recruited 
by top college programs. During an early-season 
game, he sustains an acute patellar dislocation to 
his right knee after tripping over an opponent. 
Physical examination and MRI reveal a tear of 
the medial patellofemoral ligament (MPFL) with 
a large full-thickness chondral defect of the 
patella (Fig. 62.5). After consulting with the 
player and his family, you decide to perform an 




Fig. 62.3 Performance pyramid during the rehab pro-
cess. Adapted from Cook G. Movement: Functional 
movement systems: Screening, assessment, corrective 

























Fig. 62.4 Quality of movement assessment—our basic 
framework for functional movement analysis
Fig. 62.5 Axial magnetic resonance image of the knee 
demonstrates medial patellofemoral ligament tear (yellow 
arrow) and large full-thickness chondral defect of the 
patella (white arrow)
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procedure using particulated juvenile cartilage 
allograft. Three months after surgery, the player 
feels that his rehabilitation is lagging and is wor-
ried that his recovery process coincides with the 
recruitment period for collegiate athletics. Top 
college programs are becoming increasingly 
inquisitive about his knee.
The question now is, how should the player be 
counseled in terms of the goals and expectations 
surrounding this type of injury and surgery?
Prior to surgery, several issues should be dis-
cussed with the player, his family, and his current 
coach. This includes the severity of the injury, the 
rehabilitation timeline of approximately 
7–10 months, and how the injury will potentially 
impact the player’s college recruitment process 
and ability to play in the future. Although the 
player is being pressured by colleges and is eager 
to resume playing football, it is the primary duty 
of the surgeon to offer appropriate medical treat-
ment and guidance to ensure the player’s safe 
return to sports participation. Doing so follows 
the principle of beneficence.
62.7.2  Case #2
A 28-year-old striker experiences a sharp pain to his 
right posterior upper leg while running during a 
game. Physical examination and MRI reveal a grade 
2 hamstring tear at the proximal biceps femoris 
(Fig. 62.6). After discussion with the player and 
team staff, an ultrasound-guided aspiration and 
platelet-rich plasma (PRP) injection at the proximal 
myotendinous junction are given in an attempt to 
accelerate healing and RTP. You estimate a 4-week 
recovery for RTP based on resolution of soreness, 
return of leg strength, and fitness. At the 4-week 
reevaluation, the player reports improvement but has 
noticeable strength deficits and pain with eccentric 
contraction. You decide to withhold the player from 
returning to competition and reevaluate in another 
week. One week later, the player demonstrates full 
strength without pain, but cannot replicate sport-
specific movements at competition speed. Again, 
you decide to withhold the player from returning to 
competition. The player and coach cannot under-
stand why you continue to restrict play.
The question now is, what should you tell the 
player and coach?
Team physicians must be knowledgeable of 
current guidelines and be proficient in educating 
players and coaches. In this case, the potential 
immediate and long-term consequences of pre-
mature RTP should be thoroughly explained. 
Consulting with the team trainers and therapists, 
who are often more in tune with the neuromuscu-
lar fitness and functional recovery of the athlete, 
can help fortify the decision to the players and 
coaches. Predetermined benchmarks on 
 quantitative functional movement tests can also 
serve as an objective measure on when athlete 
can safely RTP.
Take-Home Message
The ethics involved in postoperative RTP can be 
challenging and at times based on the political 
landscape of the situation. However, the surgeon 
stands in a privileged and critical position to 
maximize an athlete’s success, and Fact Box 3 
offers information how to success that has been 
garnered over time. Ultimately, RTP is a multi-
disciplinary effort that must be owned by the 
player, driven by the surgeon, and rely on the 
support of family, medical staff, and the organi-
zation as a whole.
Fig. 62.6 Coronal magnetic resonance image of the 
thigh demonstrates a partial tear (grade 2) of the proximal 
biceps femoris (white arrow)
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Fact Box 3 Pearls for RTP success
• Always keep open lines of communication.
• Avoid prolonged immobilization.
• Strive for early load bearing.
• Be mindful of the physiology of your repair and 
tailor the rehab accordingly.
• Medical clearance ≠ readiness to play.
• Couple preoperative objective criteria (“hard 
stops”) with flexible progression based on 
individual and team factors.
M.A. Tao et al.
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63.1  Outline
• Between 1900 and 1930, football players were 
not allowed to receive money for “playing”.
• Later on, the players became the “property” of 
the club they were playing for.
• The club decided about the future of the player.
• Then the “Bosman ruling” arrived in December 
of 1995
• The transfer money remained the same if the 
player changed club during the contract period.
• But, if the club who wanted the player could 
not show the bank warrant, the club, owner of 
the player, could block the transfer.
• After the Bosman decree, clubs could not 
afford to work out decent networks, but they 
still engaged in buying new and, if possible, 
exceptional players.
• So, the work of the “agent” became interest-
ing, necessary and profitable.
• The relations between agents, players, clubs 
and physicians are discussed.
63.2  How to Work with Agents: 
Medical and Ethical Aspects
63.2.1  Today’s Reality
The sports agent has emerged as an increasingly 
important person in the negotiation of contracts 
for professional athletes.
With respect to an agents’ background, attorneys 
now comprise more than 50% of all agents repre-
senting professional athletes, particularly in the 
Anglo-American sports world. Therefore, one must 
contemplate ethical considerations related to agents’ 
fees and to the medical situation of a player [1].
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The goal of the agent is to maximize the ath-
lete’s salary for as long as possible.
This requires that the agent understand a mul-
titude of issues, including the long-term effects 
of common sports injuries.
The arrangement of medical consultations is 
becoming more and more a function of the sports 
agent.
During the negotiation process, there are 
many variables that are likely to come into play 
in the determination of the athlete’s value.
The medical history is one such variable, and 
the agent will have some role in determining that 
value: his/her representation will be even more 
competent if (s)he proves to handle the medical 
business of their client as competent as handling 
the athlete’s financial business.
In order to explore this complex relationship 
among the agent-player-doctor club, three (impor-
tant) agents were interviewed (C.H., M.B., P.S.).
Interestingly, the three very “competitive” 
agents, representing a total of hundreds of mil-
lions of Euros and hundreds of players, did not 
differ much when discussing medical matters.
The most reported item remains the confi-
dence: the club and the player should trust the 
agent.
If the player loses faith in the team physician, 
the agent will never be able to repair that crisis of 
confidence.
Of course, the body of the player belongs to 
himself, not to the club nor to the agent. But, 
most contracts between clubs and players men-
tion the (medical) rights and responsibilities of 
the club.
Most clubs have, by contract, the right to 
decide about the choice of surgeons, the hospital 
or even the treatment of the player.
Nowadays, most clubs have competent medi-
cal teams, even with international experience in 
one way or another.
The hot topics today in sports medicine, often 
career-ending problems in the past (hamstring 
injuries, ligament tears or cartilage problems), 
are taken care of by specialists who are well rec-
ognised by players, clubs and agents.
The moment of the return to sport can be a 
discussion point where “the doctor of the agent” 
can help to advise the player. The doctor of the 
agent is the agents’ confidant who has a medical/
surgical background.
The point of final interest remains the same 
for the team physician, the player, the club and 
the agent: return to play at the same (or even a 
better) level than before the injury. However, by 
disclosing a conflict about a diagnosis or treat-
ment, the agent risks losing a valuable player in 
an extremely competitive market. For instance, 
the team physician diagnoses an ankle ligament 
injury, but does not include more specific exams 
to exclude a cartilage problem in the ankle even 
though the player keeps complaining about pain 
and swelling in the ankle.
Another problem is that the player and even 
the agent may not be knowledgeable or sophisti-
cated enough regarding the impact of the conflict 
with the club or the medical staff; and some play-
ers/agents may be incapable of appreciating the 
risks.
Additionally, as athletes begin to play profes-
sional sports at younger age, situations surround-
ing conflicts will become more numerous.
Today we are confronted with people, circu-
lating around youngsters of 10, 11 and 12 years 
old.
A young player at that age should just enjoy 
the game, relax in a stable family environment, 
enjoy the friends at school and go to a training 
centre where (s)he can show his/her talents. From 
the U13 and onward, there are often more agents 
than parents at a game.
Education at home remains the most impor-
tant factor for young players.
If the parents of a talented player start pushing 
in the same direction as the agent, then a danger-
ous situation may be created: some parents lose 
all sense of reality.
Today, in the world of sports agents, players 
and team physicians, all parties are confronted 
with the “negotiation of injury settlements”, par-
ticularly in the USA [2].
Injury settlements are agreements between 
players and clubs, spelling out compensation and 
other terms in which the two parties will immedi-
ately part ways. Components of an injury settle-
ment are:
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pieter.orthopedie@gmail.com
835
• The agent and the player release the club, doc-
tor and coaches from all liability associated 
with the injury.
• Clubs will be responsible for the cost of all 
second medical opinions, rehabilitation, medi-
cal and related expenses.
• A player (or his agent) may choose to rehabili-
tate his injury at a place of his/her own choice.
• The applicable workers’ compensation laws 
of the different states/countries may play a 
(major) role.
• Offset language preventing a player from 
“double dipping”, which can be described as a 
practice that means receiving more than one 
income or collecting double benefits from the 
same employer.
If the agent or the player is not interested in an 
injury settlement, it is the clubs’ obligation to 
provide rehabilitation for the player and provide 
the player with medical treatment.
Team physicians can also be confronted with a 
player who the doctor would like to release from 
the injured list, while at the same time the player 
feels that (s)he is still injured. Here, the doctor of 
the agent can play a major role, either in discuss-
ing the case with the medical staff of the club or 
in proposing an independent arbitrator [3].
In fact, agents usually stipulate in the players’ 
contract that the player has the right to file an 
injury grievance against the club.
In most cases, agents will argue on behalf of 
the player for a time beyond the predicted recov-
ery table, to avoid short changing their client.
Negotiating an injury settlement can be tricky 
and can be an exhaustive and emotional 
process.
For example, a player suffers from a ham-
string injury, clearly documented on MRI, and 
the team doctor proposes a 6-week time period 
until full recovery of the injury.
The player obtains a second opinion, and this 
doctor foresees a 12-week time period for full 
recovery.
The doctor of the agent or the agent himself 
may choose for the longer recovery time predic-
tion to protect the health of the player.
In today’s world, sophisticated and structured 
test batteries with repeated MRI’s and second 
opinions by radiologists and orthopaedists help 
to settle the problem.
The role of the agent was developed to protect 
the athletes’ interest in relation to that of the clubs 
(president, owner, sponsor). According to Melissa 
Neiman, the problem now, to some degree, has 
become the protection of the athletes’ interests in 
relation to those of the agents. Melissa Neiman is 
an MD (Texas Medical Branch) and JD 
(University of Houston Law Center), who pub-
lished an important paper about ethical consider-
ations in negotiating by sports agents.
The best outcome for the player will depend 
on a good relationship between the medical team 
of the club and the medical team of the agent. 
The bottom line is that both teams (the medical 
team of the club and the medical team of the 
agent) are looking for the best therapeutic solu-
tion for the injured player.
63.3  Potential Solutions to Ethical 
Dilemmas
Previously independent agents are forming con-
glomerates and larger agencies, operating as full- 
service organisations and taking care of all of the 
athlete’s needs.
This consolidation has created large agencies 
like Creative Artists Agency (CAA, Los Angeles, 
CA, USA), Excel (New York, NY, USA), Boras 
Corp. (basketball) (Newport Beach, CA, USA), 
Wasserman Media Group (Los Angeles, CA, USA), 
Octagon (Norwalk, CT, USA), Independent Sports 
& Entertainment (ISE, New York, NY, USA).
These big six agencies represent more than 
30% of all professional athletes and serve as 
financial manager, accountant, public relations 
agent, tasks and estate planner, attorney, health 
advisor and if necessary even as coach. This situ-
ation may create conflicts of interest, with impor-
tant ethical consequences [4].
From an athlete’s perspective, having the right 
agent, the right coach and the right medical 
entourage is crucial to success.
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The athlete must take into consideration per-
sonal ties, long-term health issues and ethical 
considerations.
The job of the team physician also changed.
Modern sports medicine has emerged as an 
important anchor of the athlete’s performance, 
and ethics in sports medicine are driven by the 
always glooming tension between its two compo-
nents: sport and medicine.
Medicine aims for health and sports aims for 
victory.
If the pursuit of victory and the pursuit of 
health sometimes mean following opposite direc-
tions, this tension may result in an ethical prob-
lem, where the team, the athlete and the agent can 
play a crucial role facing possible ethical dilem-
mas [5].
In an attempt to identify the ethical challenges 
on different levels, some possible solutions are 
outlined below.
Conflicts of interest created by the consolida-
tion in sports agencies and the increase in differ-
ent services offered pose the biggest problems.
Some examples are:
 – Agencies representing multiple players in the 
same league
 – Agencies representing multiple players on the 
same team
 – Agencies representing players and coaches
 – Agencies representing events and athletes
 – Agencies providing the attorney to assist the 
athlete in signing contracts, where the agency 
is an involved party
 – Agencies providing medical advice to the ath-
lete by a physician who is paid by the agency
In an attempt to meet ethical challenges, some 
initiatives are taken by big sports federations, 
some large agencies and some governments [6].
63.3.1  Federations
• Federation Internationale De Football 
Association (FIFA) Player’s Agents 
Regulations (2008): licence issued by each 
national federation following an exam. 
Requirements for operating as an agent are 
subject to control and sanction by FIFA.
• International Association Of Athletics 
Federations (IAAF): (2009) competition rules
Rule 7: athletes’ representatives (agents), 
authorisation issued by national federations
• International Olympic Committee (IOC)
Guidelines for the conduct of the athletes’ 
entourage (Durban, 2011 July 4):
The entourage (all the people associated with 
the athlete, including agents, coaches and medi-
cal staff) must respect and promote ethical prin-
ciples contained in the Olympic Charter, the 
IOC Code of Ethics and the World Anti-Doping 
Agency (WADA) code and must, in accordance 
with such principles, always act in the best inter-
est of the athletes. The entourage shall demon-
strate the highest level of integrity in particular 
respecting the following principles:
 – Avoid conflicts of interest.
 – Fight against any form of bribery and 
cheating or corruption.
 – Reject any form of doping.
 – Refrain from any form of betting activity 
on the athlete’s sport.
The entourage shall also respect confidentiality, 
protecting personal and inside information [7].
The entourage must be transparent, responsi-
ble and accountable.
63.3.2  Countries (Governments)
• USA: the agents are subject to regulation by 
the federal government, some state govern-
ments and the players’ association [8].
 – Sports Agent Responsibility and Trust Act 
(SPARTA), 2004
 – Uniform Athlete Agents Act (UAAA)
• Europe: the licensing system is regularly 
updated.
Five EU countries (Bulgaria, France, Greece, 
Hungary, Portugal) have a licensing system with 
terms and conditions for exercising the profes-
sion (most detailed in France with control and 
sanctions).




Several solutions are proposed to overcome con-
flict of interest problems.
The most pragmatic solution would be full 
disclosure by the agent of all possible issues and 
asking the athlete for his/her consent.
Unanimity on this subject however seems still 
far away: not all sports associations agree about 
strict regulations for agents.
The players do not find unanimity about the 
different regulations and disclosures of agents.
On top of the conflicts of interest, created by 
the evolution in agencies, medical ethical issues 
exist. In the past decade an increasing amount of 
articles have been published in different journals 
{7} {3} {2}{8}.
Particular areas of medical ethics that present 
unique challenges in sports medicine are 
informed consent, third-party influences, adver-
tising, confidentiality, drug use and innovative 
technology.
The ethics of the doctor-patient relationship is 
evolving around the above discussed parties, ath-
lete, doctor, club and agent.
The team’s priorities or agent’s priorities can 
sometimes equal or even replace those of the 
athlete.
Medical risks sometimes have to be balanced 
with non- medical benefits of an overwhelming 
size.
Let’s take, for example, X, a professional soc-
cer player who sustains a potentially repairable 
meniscal tear 6 weeks before the start of the 
World Cup, at the very moment his agent is about 
to arrange a transfer to the Premier League.
An excision of the tear (partial meniscectomy) 
would require minimal rehabilitation and would 
permit participation in the World Cup but would 
also increase the long-term risk of arthritis.
A meniscal repair offers the chance at pain- 
free function in the near term and would probably 
avoid articular degeneration but would exclude 
participation in the World Cup.
The athlete wants to play but has some doubts 
about the consequences for his future career. His 
agent tells him that absence in the World Cup 
could jeopardise his transfer.
The World Cup coach pressures the team phy-
sician to ensure the player can make the selection 
of the World Cup team.
The story is covered extensively by the media 
and the fans voice that X must play. What is the 
ethical decision to be made by the team physi-
cian, and do we believe ethics will prevail in this 
kind of situation?
The pressure by the player on the team physi-
cian was too high: the player underwent an 
arthroscopic partial meniscectomy and not a 
meniscal repair.
Sometimes the influence of agents can be pos-
itive. Agents can surround the athlete with a well- 
balanced medical team that secures optimal 
physical condition while preventing injuries as 
much as possible.
Agents can provide the team physician and the 
athlete with additional medical information to 
make the right decisions.
Agents can also use their connections around 
the globe to provide first-class treatment in case 
of serious injuries.
Sometimes however the influence of agents 
can be negative.
Agents can “prepare” their athlete for medical 
tests preceding a transfer to mask (upcoming) 
injuries as much as possible, even at the risk of 
the athlete’s future health.
Agents conversely could instruct their athletes 
to not optimally treat or even fake an injury to 
create better financial conditions for a transfer.
Agents can cause a conflict of interest in well- 
known “experts” by involving (and paying) 
experts in the medical care of their athletes, thus 
compromising their role in later “expert advice”.
Agents can cause a conflict of decision- making 
in athletes and team physicians by providing them 
with second opinions of well-known experts, picked 
by the agencies because their general opinion 
favours the solution that fits the agencies’ interest.
There is a growing fear for conflicts of interest 
potentially ruining the essence of sports.
In the authors’ opinion, a solution could be to 
safeguard the new services an agency can offer to 
the athlete but to instal a “confidant” or “trust-
worthy friend” as an ombudsmen between the 
agency and the athlete.
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In a sense this would reintroduce proximity 
and loyalty of the agent to the athlete.
The qualities of such a “confidant” can be 
found in the description of “the personal advisor” 
in the IOC manifest on agents, agencies and per-
sonal advisors.
The role of the personal advisors would be a 
trusted voice and a sounding board for the 
athlete.
Personal advisors often act as a liaison 
between athlete and agents.
Personal advisors may have legal, medical or 
other useful skills, but their key characteristic is 
the close personal relationship with the athlete.
Not usually paid, personal advisors would 
have the athlete’s best interest at heart and no 
financial or other motivation of their own.
Such a confidant, if properly skilled, should 
make it possible that the athlete’s best interest 
and autonomy prevails in an environment where 
third-party influence is imminent. Alternatively, 
the agencies could come up with their own “inde-
pendent” personal advisor (or lawyer), who 
should be protected against conflicts of interest 
because, by contract, the personal advisor would 
be due to serve only the best interest of the 
athlete.
It is the authors’ opinion that agents and agen-
cies should address the ethical problems and con-
flicts of interest they face.
Integrity, transparency, full disclosure of all 
conflicting issues and full priority to the athlete’s 
best interest can provide the base to build on.
Medical and ethical experts should lead the 
way by avoiding conflicts of interest themselves 
and coming forward with expert opinions, also in 
the digital and social media. “Big money”, news 
media and the “entourage” of elite athletes will 
continue to dictate the evolution in sports. 
Agencies and agents play a critical role in all of 
these areas [9].
In the meantime medical and ethical experts 
should assist in a better communication.
Fact Box (Definitions)
A/Agent
A specific person (might be a lawyer, 
old player, manager, etc.) who represents a 
professional player or group of players, as 
a link between the player and the club.
He also may be in charge of reorienting 
the career of the player; he intervenes in 
case of professional conflicts and particu-
larly discusses the contracts between the 
player, the club and third parties.
B/Player
A sportsperson who is involved (in this 
context) in football, a team sport played 
between two teams of eleven players. A 
professional football player signed a con-
tract with the club, is payed and insured by 
that club and can only play in competition 
for that club (apart from his national team).
C/Team Physician
A professional doctor, usually special-
ised in sports medicine, who has been 
engaged by a club, to take care of the play-
ers and staff.
He meets with the trainer/physical 
coach/etc. to prepare the players for the 
game in the best physical condition. During 
the game he has his place on the bench and 
goes on the pitch to help an injured player.
D/Doctor of the Agent
A sports physician (or an orthopaedic sur-
geon in some cases) who has been engaged, 
in most cases part-time, to check the physical 
condition or injury of players who have a 
contract with a particular agent. This can be 
a routine check or a second opinion requested 
by the player and/ or his agent.
F/Medical Team of Agent
Every medical doctor who has a profes-
sional relationship with a football agent 
and who can be contacted in case of second 
opinion or dispute between the player and 
the medical staff of the club. This can be a 
cardiologist, a dentist or any other special-
ist, related to the specific problem but 
asked/payed by the agent.
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G/Bosman
Jean-Marc Bosman was a player of RFC 
Liege, Belgium, whose contract had 
expired in 1990: he wanted to move to 
Dunkerque, France. However, Dunkerque 
refused to meet his Belgians’ club transfer 
fee demand, so Liège refused to let him go.
Bosman took his case to the European 
Court of Justice and sued for “restraint of 
trade” citing FIFA’s rules regarding foot-
ball. On the 15th of December 1995, the 
court ruled that the system placed a restric-
tion on the free movement of workers and 
was prohibited by Article 39(1) of the EC 
Treaty.
Bosman and all were given the right to a 
free transfer at the end of their contracts, 
within the EU.
Significance: players (or their agents) 
became able to negotiate deals according to 
their market value when their contracts 
expired!
Before the Bosman ruling, a player 
could not leave at the end of their deal 
unless that club agreed to let him go on a 
free or that club received an agreed fee 
from a buying club.
H/Sports Agency
An organised (usually international) 
football management that offers solutions 
and proposals able to overcome the most 
demanding needs of players. The legal rep-
resentation negotiates employment and 
endorsement contracts for the athlete or 
coach they represent.
They can handle public relation matters, 
business management and financial and 
risk analysis.
And via the agent’s doctor, the agency 
can intervene in the case of medical discus-
sions or second opinions. Agents and agen-
cies are now licenced by their association.
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64.1  Introduction
The field of sports medicine is unique in that the 
sports medicine professional is not only tasked 
with treating and interacting with the patient but 
must also skillfully navigate potentially complex 
relationships with an athlete’s parents and 
coaches. While the underlying principle of “first, 
do no harm” still applies in sports medicine, 
medical decision-making and treatment algo-
rithms are oftentimes made more complex by the 
temporal nature of sports seasons and the societal 
and economic pressures related to missed sports 
participation. For these reasons, it is crucial that 
sports medicine physicians have a clear under-
standing of sound return-to-play (RTP) principles 
and adhere to strict ethical standards. By com-
municating these guidelines early in the treat-
ment process with the player, parents, therapists, 
athletic trainers, and coaches, all involved enti-
ties will be on the same page, and RTP conflicts 
are less likely to occur.
64.2  Principles of Return to Play
Decision-making in terms of RTP following 
injury is a collaborative effort among the athlete, 
parents, guardians, coaches, physical therapist, 
athletic trainers, and team physician [1, 2]. 
Successful outcome is predicated on clear com-
munication and goal-oriented rehabilitation. 
There is considerable empirical evidence that 
both parents and coaches influence psychosocial 
well-being of youth athletes [3]. As such, there 
are multiple stakeholders involved in team sports 
that challenge the traditional notion of confiden-
tiality and autonomy. Ultimately, it is the respon-
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sibility of the physician to ensure no harm to the 
athlete during this process while enabling partici-
pation at the highest possible level [1].
Establishing guidelines prior to the outset 
of the season among all stakeholders can pay 
dividends as injuries occur throughout the 
year. While specifics may not be included, 
informing others of who makes decisions, 
under what circumstances, and how the safety 
of the athletes takes priority can minimize 
unrealistic or harmful expectations [1]. This 
may help alleviate parents from “doctor shop-
ping” until they find RTP criteria that they 
believe best suits their youth athletes’ interest 
[1]. The role of the parent must not be under-
estimated. Parental support is fundamental to 
initial participation and ongoing success in 
team sports. Overly engaged parents might 
play a disruptive role, however, with regard to 
medical decision-making.
RTP considerations for musculoskeletal 
injuries should establish an athlete’s range of 
motion, strength, and functional athletic ability 
[1]. Evaluation should be conducted out of 
plain sight of the crowd attending the sporting 
event, but in the presence of the coach and/or 
parent if possible. This may be advantageous 
so all stakeholders witness the ability or inabil-
ity of the athlete to perform a task [1]. With 
regard to concussion, change in baseline psy-
chometric characteristics after injury and clini-
cal practice guidelines for graduated return to 
play has been established and should be fol-
lowed [4, 5]. Other factors include but are not 
limited to the type of sport in which the athlete 
participates, the timing in the season, the level 
of competition, the position played, the ath-
lete’s limb dominance, and the efficacy of 
bracing, taping, or padding.
Goal-oriented rehabilitation includes objective 
performance parameters in the gym and on the 
playing field as well as psychological issues. The 
role of the athletic trainer to this regard is para-
mount. Given the time spent together during pre-
season, practice, and regular season games, 
athletic trainers have unique insight into the cog-
nitive aspect and personality traits of each athlete. 
This may have benefits as it relates to understand-
ing the athlete’s level of pain threshold, normal 
demeanor, and other personality traits. One com-
mon behavior seen is the athlete who sustains an 
injury and then hides from the athletic training 
staff for fear of being taken out of competition. In 
some cases, this behavior may be promoted by the 
coaches or parents of the athlete. Despite resis-
tance after initial evaluation, the best way to dem-
onstrate that the athlete is unable to return to 
competition is by adhering to preestablished RTP 
guidelines and criteria. In other circumstances, 
athletes may exhibit a lack of emotional prepared-
ness or mental readiness required to RTP safely. 
These traits must be identified, especially in con-
tact sports, as RTP may predispose the athlete for 
risk of further injury [1].
64.3  Ethical Considerations
Due to conflicts of interest, the team physician 
faces a unique situation related to ethical prin-
ciples of autonomy and confidentiality [6]. 
Confidentiality regarding medical decisions in 
the traditional sense is an obligation that phy-
sicians owe to their patients [7]. In addition, 
state and federal laws mandate healthcare pro-
fessionals to uphold these standards. Numerous 
occasions in sports medicine challenge this 
framework. As such, it is suggested that prior 
to any examination or care of an athlete, the 
team physician has a duty to clarify the nature 
Fact Box 1 Importance of patient 
confidentiality
• Physicians are obligated to maintain 
their patient’s confidentiality.
• Maintaining patient confidentiality is 
challenging in a team setting.
• Physicians serving as a team physician 
should be educated about ethical obliga-
tions and challenges, including patient 
confidentiality, in this unique 
environment.
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of the relationship with the athlete indicating 
the importance of confidentiality and that the 
physician will strive to maintain that confiden-
tiality, despite the challenges associated with 
patient care in a team setting [8]. Most health-
care professionals balance ethical principles 
of the patient’s right to autonomy, with fair-
ness, and their obligation to first do no harm. 
To achieve this goal, it was advocated that 
physicians pursue team coverage to gain edu-
cation in the basic principles and concepts of 
applied ethics [9]. Physicians should also be 
familiar with current management guidelines, 
particularly as it relates to sports-related 
concussion [10].
The myriad of ethical considerations in sports 
medicine have been well described in the litera-
ture. For example, a group of athletic trainers 
was surveyed and qualitative examination of 154 
ethical issues revealed seven common themes 
[11]. These include miscommunication about 
roles, conflicts of interest due to divided loyal-
ties, conflicts in acting on the athlete’s best inter-
est, and pressure to RTP from the coach, parent, 
supervisor, administrator, or athlete [11]. 
Another study reviewed the relationship between 
management of professional sports teams and 
team doctors. The researchers reported that team 
management often places pressure on physicians 
to return an athlete quickly to competition [12]. 
Although most sports organizations have the 
best interest of the athlete in mind, some pro-
mote shortened recovery through substandard 
treatment protocols. Despite pressures by team 
management, it is pertinent that medical staff on 
the sidelines during games remove an athlete 
from competition if assessment is concerning for 
further injury. If initial evaluation permits RTP 
deemed by preestablished guidelines, ongoing 
close observation of the athlete is necessary to 
confirm that decision and ensure the athlete’s 
safety. The outcome of a game should never have 
an effect on RTP decisions despite the culture 
among athletes, coaches, and parents in some 
sports that playing through the pain is a sign of 
toughness [1].
RTP guidelines are multifactorial, and 
decision- making in terms of long-term goals is 
best conducted away from the playing field in 
the office setting. Topics and conversations may 
vary depending on the current level of partici-
pation of the athlete and ultimate goals regard-
ing level of competition. RTP decisions should 
not be influenced by parents of high school ath-
letes’ who pressure RTP based on the potential 
for earning or losing college athletic scholar-
ship [6]. Furthermore, there is often a discrep-
ancy between patient-reported health status and 
parent-reported health status, further under-
scoring the importance of limiting parental 
influence in the setting of younger athletes [13]. 
At the collegiate level, judgment cannot be 
altered by high-salaried coaches and athletic 
administrators who are under pressure from 
students, fans, boosters, and politicians to suc-
ceed [2]. Perhaps ethical decision- making is 
most challenged at the professional sports level. 
Athletes stand to gain economic benefit from 
their athletic ability, but so do agents, family 
members, sponsors, team owners, and many 
others, requiring vigilance by physicians to 
adhere to RTP guidelines and ethical standards 
in medical decision-making [1]. The impact of 
missed games can have a significant impact on 
the earning capacity of professional athletes. 
These financial concerns must be weighed 
against the risk of early RTP to the athlete’s 
current and future health. Despite attempts to 
uphold ethical standards, studies have shown 
that there is great variability among team physi-
cians in RTP decisions.
Fact Box 2 Common ethical considerations 
among a sports medicine team
• Understanding each persons’ role
• Conflict of interest due to divided 
loyalties
• Acting in the athlete’s best interest, 
despite return-to-play pressure from 
coaches, parents, or athletes
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64.4  Psychological Aspects 
of Return to Play
Numerous studies have shown that psychological 
characteristics and mental health play a signifi-
cant role in outcomes after musculoskeletal 
injury [14–17], and monitoring of these levels 
may provide insight into readiness for RTP [18]. 
Moreover, adolescents often respond differently 
to injury and surgery than adults [19, 20]. For 
example, one group of researchers found that 
identification of oneself as an athlete was more 
important than general self-motivation in adher-
ence to a home rehabilitation program in adoles-
cents, but not in adults [19]. Another study 
reported greater pain catastrophizing in adoles-
cent patients compared to adult patients [20]. 
These findings underscore the need for an indi-
vidualized approach that is focused on treating 
the patient according to their specific physical, 
emotional, and mental needs. These needs may 
differ from parents’ and coaches’ expectations or 
understanding, and consideration must be given 
to bridging these knowledge gaps. Ultimately, 
effective communication among physicians, 
coaches, parents, therapists, and athletic trainers 
is key to optimizing the mental health of the 
injured athlete.
64.4.1  Psychological Health 
of the Athlete
Pain catastrophizing is arguably one of the most 
important psychological characteristics affecting 
RTP outcomes, especially in the short term. 
Catastrophizing can be described as a sense of 
helplessness in controlling or responding to pain 
and is associated with negative outcomes [20]. 
Tripp et al. demonstrated that adolescents had sig-
nificantly higher levels of pain catastrophizing at 
24-h post-ACL reconstruction than adult patients 
[20]. Although further research is needed, this 
suggests that adolescent athletes should receive 
focused postoperative interventions aimed at con-
trolling these negative emotions. Interestingly, 
while verbalizing and communicating emotions 
related to the injury is associated with better out-
comes, many athletes are hesitant to express these 
feelings to avoid any perception of being “weak” 
by parents, coaches, or teammates. This is more 
common in athletes with a poor social support 
system, and they often express inauthentic “posi-
tive” emotions while failing to adequately address 
their psychological health. A large body of 
research has shown that these athletes have poor 
outcomes and a higher rate of reinjury [21]. RTP 
programs should be tailored according to the psy-
chological needs of the athlete, and adequate buy-
in from coaches, parents, and athletic trainers is 
crucial to optimizing outcomes.
64.4.2  Role of the Parents
Parents play a critical role in athletes’ psycho-
logical well-being. Both mothers and fathers 
can facilitate athletic success and reduce emo-
tional stress when involved in the appropriate 
manner. In fact, parental encouragement of 
sports participation could potentially help to 
increase their children’s activity levels and 
decrease the rates of childhood obesity. As these 
children age, their earlier parental involvement 
may help to improve the chances that they 
remain physically active as adults [22]. It is 
important, however, that parents assess the spe-
cific psychological, social, and emotional needs 
of their child and adjust their involvement 
accordingly [23–25]. In fact, studies have pro-
vided specific guidelines on how athletes prefer 
their parents behave before, during, and after 
sports competitions [26]. Notably, athletes 
reported a preference that their parents encour-
age them and the rest of the team to focus on 
effort rather than outcomes, maintain control of 
their own emotions, and provide positive and 
realistic feedback [27]. Although this data was 
collected in the setting of athletic competition 
and not specifically RTP after injury, the general 
findings likely translate across athletic settings. 
Further data supported these findings and dem-
onstrated that structured parental involvement 
increased youth’s perceived enjoyment and 
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decreased stress levels associated with sports 
participation [23], and positive parental involve-
ment has been correlated with improved mas-
tery of sport [28].
On the other hand, it is critical to identify 
parent motivations or perceptions that may be 
detrimental to the athlete and redirect these to 
have a more positive impact on the athlete’s 
performance and recovery from injury. There 
is significant potential for inappropriate paren-
tal involvement to result in negative conse-
quences. In many cases, parents encourage or 
force sports participation past the level that the 
child is interested or capable of. This type of 
negative parental involvement results in 
increased anxiety, higher likelihood of a nega-
tive sports experience, and a greater chance of 
injury [22].
Some parents are overprotective, which has 
been shown to hamper athlete growth and devel-
opment. The term “helicopter parent” was first 
published in 1990 to refer to parents that hover 
over their children, never allowing them to suc-
ceed or fail on their own [29, 30]. Parents must 
strike a balance between providing protection and 
security and encouraging their children to learn 
from experience and gain skills necessary for inde-
pendent living in the future. Being overprotective 
in the form of helicopter parenting leads to poorer 
functioning and worse emotional decision-making 
[30]. In fact, this hyper- parenting can lead to 
reduced physical activity in younger children [31].
The nature of parent-athlete involvement 
becomes even more complicated as the patient 
reaches the age legal independence (18 years of 
age in most countries). While the parents are 
legal guardians of younger children, this relation-
ship changes rather quickly when the adolescent 
reaches the age of legal independence. However, 
many parents remain heavily involved in their 
child’s athletic participation and health care even 
past this age. It is important to realize the legal 
and medical distinction between a teenager 
legally under the care of their parents, and a child 
who may only be days, weeks, or months older, 
but is legally independent. In many cases, it is 
necessary for the 18-year-old patient to provide 
either a verbal or written consent before medical 
professionals can discuss personal health infor-
mation with the parents. Similarly, the 18-year- 
old athlete, not the parent(s), has the ultimate say 
in medical treatment and return-to-play decisions 
[32]. This may be difficult for the parents, ath-
lete, and coaches to accept in athletes that recently 
were under the care of their parents. While the 
preservation of true informed consent is difficult 
in sports medicine at any age [32], it is even more 
challenging in the case of a young but legally 
independent athlete, who may be under even 
more pressure from their parents than older ath-
letes, in addition to that from their coaches, 
agents, and teammates. In these settings, sports 
medicine professionals must remember that true 
informed consent and patient autonomy are cor-
nerstones in medicine, and outside pressures to 
dilute these principles must be guarded against.
64.4.3  Role of the Coaches
Coaches also play a crucial role in young ath-
letes’ sports careers. Their actions, words, and 
even nonverbal communication can have dra-
matic effects on the psychological well-being of 
their players. In fact, studies have reported that 
the manner in which a coach delivers verbal feed-
back can have as significant of an effect as the 
actual words that were spoken. Additional stud-
ies have suggested that optimal coach-player 
communication could decrease the number of 
sports injuries, or at least those that are attribut-
able to poor technique [33], and that even basic 
communication training for coaches can improve 
young athletes’ performance and psychological 
health [3, 33]. While most coaches are not medi-
cal professionals, they play an arguably equal, or 
perhaps even more important, role in guiding the 
injured athlete’s psychological health than the 
treating physician. As such, the coach should be 
considered an important part of the sports medi-
cine team, and discussions regarding the emo-
tional and mental well-being of the patient should 
ideally include the coach (with proper patient 
permissions).
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64.4.4  Role of the Athletic Trainers 
and Physical Therapists
During the road to recovery, athletic trainers and/
or physical therapists will likely spend more time 
with the athlete than any other medical profes-
sional. Perhaps no one in the sports medicine 
team will be more qualified to gauge the athlete’s 
psychological status and provide appropriate 
feedback than their athletic trainer or therapist. 
Furthermore, the athletic trainer provides a criti-
cal link between the coaches and the sports medi-
cine physician. For these reasons, optimal 
psychological rehabilitation and successful RTP 
will revolve around the athletic trainer or 
therapist.
64.5  Objective Return-to-Play 
Criteria for Soccer: Injury- 
Specific Examples
As return-to-play decisions become increas-
ingly more complex, objective return-to-play 
criteria help to provide unbiased and consistent 
guidelines in assessing injured athletes. These 
guidelines help to assure patient readiness and 
prevent potentially risky premature return to 
sport.
64.5.1  Concussion
Likely the most complex return-to-play deci-
sion and most concerning for all parties is head 
injuries. Understandably, much anxiety can 
exist among the parents as recovery and sever-
ity are difficult to predict and visualize. 
Involving parents in all aspects of evaluation 
and treatment is key to educate and ease anxiety 
among loved ones. Although less common, 
education is also key for parents pushing for 
quick return to play. This can be difficult to 
address as symptoms are not as easily definable 
or observed. Comprehensive evaluation and 
buy-in by all, including the athlete, parents, and 
coaching and medical staff, is paramount in 
proper treatment of concussion.
Concussions commonly can have serious 
effects on young athletes including irritability, 
memory loss, confusion, and difficulty with con-
centration. This is obviously problematic in 
school-aged children. Any athlete with concern 
for a concussion should be removed from play 
immediately and be evaluated by a medical pro-
fessional. If the player is found to have signs or 
symptoms of concussion such as dizziness, head-
ache, confusion, or memory loss, they must be 
removed from play for the entirety of the day, and 
if any question exists, one should err on the side 
of caution. If the athlete sustains a second event, 
they are at risk for second-impact syndrome 
which carries risk of prolonged recovered and 
worsened symptoms. Further evaluation regard-
ing symptoms must be continually done, and 
gradual return to play is recommended only after 
these symptoms cease [34]. It is key to involve 
parents, particularly in this aspect of data gather-
ing and treatment, as they can provide accurate 
assessments of their child’s symptoms and behav-
ior which helps the physician to treat the child 
more appropriately.
Currently, it is recommended that the student 
athlete slowly returns to normal daily activates 
without prolonged absence. This typically begins 
with a walk a few times a day and slow return to 
school activities. Return to sport is handled in the 
same manner with gradual return in a stepwise 
progression without advancing to the next level 
until the previous activity is successfully com-
pleted without symptoms [34]. Many societies 
have published return to activity guidelines. 
However, practitioners must realize one size does 
not fit all, and concussion treatments must take 
an individualized approach, with involvement of 
the parents being key [34].
Current consensus guidelines, clinical exami-
nation, and objective testing are used in concert 
to determine safe return to play after concussion. 
Neurocognitive tests such as Immediate Post- 
Concussion Assessment and Cognitive Test 
(ImPACT™) and Standardized Concussion 
Assessment Tool (SCAT™) are useful when used 
in conjunction with clinical evaluation to provide 
a score which can be compared to the patient’s 
baseline and allow object measures of head 
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injury. Again, in the increased pressure with 
return to play in many environments, these objec-
tive measures allow medical professionals to pro-
vide hard data to parents and coaches [34, 35].
Anyone with persistent symptoms and deficits 
should be referred to a concussion specialist who 
can provide multimodal therapies such ocular, 
vestibular, and cognitive treatments. A multidis-
ciplinary approach should be utilized in the treat-
ment of concussion, and parents must be included, 
updated, and consulted to provide accurate 
assessments of their child’s recovery [34].
64.5.2  Anterior Cruciate Ligament 
(ACL)
Knee ligament and ankle sprains are the most 
common injuries in adolescent football [36]. 
Proper education of the parents and realistic 
return-to-play estimates should be discussed with 
the understanding that continued evaluation may 
change the return-to-play timing. Many parents, 
athletes, and media seem to equate earlier return 
to play after ACL reconstruction to a better sur-
geon and technique. However, the surgeon must 
resist being influenced by this notion. Return to 
play too early may lead to higher graft rupture 
rates due to insufficient healing and lack of psy-
chological and physiologic readiness [18].
Like concussions, objective measures can 
assist the therapist, surgeon, and athlete, and par-
ent agree on a safe return to play. Close correla-
tion with a trusted physical therapist can be 
beneficial for the athlete, parent, and physician. 
More standardized techniques such as biometric 
testing can be useful and should be discussed 
with the athlete and parents so both are aware of 
the required milestones that must be reached to 
move on to the next level rehabilitation. This can 
be helpful in athletes and parents who push for 
earlier return to play as well as in patients who 
require more confidence in their reconstructed 
knee. If a well-outlined play is discussed pre- and 
postoperatively, return to play is less likely to be 
questioned until milestones are met. A trusted 
physical therapist can aid and provide helpful 
input in this process. Specific football-based 
return-to-play guidelines and milestones also 
exist and can be helpful [37].
Psychological readiness and confidence in 
return to play is important and must be assessed. 
This can be done by private conversation between 
the athlete and surgeon outlining that commonly 
after ACL reconstruction, patients may not feel 
mentally prepared for return to play even after the 
medical team determines they may return. After 
discussion of the athlete’s thoughts, a conversa-
tion with the physical therapist can be helpful as 
they spend more time evaluating the athlete’s 
physiologic preparedness and clues related to 
their psychological preparedness can be observed, 
all in a less threatening atmosphere. The impor-
tance of physiological preparedness should be 
discussed with the parents as well as an unpre-
pared athlete could lead to further injury and 
inferior performance. When athletes are deter-
mined not to be ready either psychologically or 
physiologically, the physician must be the ath-
lete’s liaison if parents and coaches are anxious 
for their return to sport [18].
64.5.3  Ankle Injuries
Although usually less severe than ACL recon-
struction, ankle injuries are very common in foot-
ball. Less controversy typically exists in 
return-to-play timing; however, due to their inci-
dence, it is important to be well versed in their 
treatment and return to play. Like most injuries, 
successful sport-specific activities must be per-
formed before return to play is allowed after a 
proper physical exam and, if indicated, imaging 
[1]. Rest, ice, compression, and taping or bracing 
can be effective. In young athletes with recurrent 
ankle sprains, potential causes must be ruled out 
so long-term ligamentous laxity and cartilage 
damage do not occur leading to early ankle dys-
function from injury at a young age. Like all inju-
ries in young athletes, expected outcome and the 
process to get there, including return to play, 
must be discussed realistically with the patient 
and their parents.
Concussion, ACL injury, and ankle injuries are 
common in football with differing incidences, 
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severities, and therefore controversies in return to 
play. Education of the athlete, parents, and 
coaches is key, and buy-in of the process is essen-
tial for the safety of the player. This may require 
more time from the surgeon, but is imperative for 
optimal outcome.
Take-Home Message
A comprehensive RTP program involves engage-
ment and collaboration by the sports medicine phy-
sician, coaches, athletic trainers and therapists, 
and—in the setting of younger athletes—parents. 
While there are many societal and economic pres-
sures associated with RTP decisions after sports 
injury, objective RTP criteria and effective commu-
nication help to minimize conflict and ensure athlete 
well-being. Not only should parents and coaches 
understand RTP criteria, but they should also be 
actively engaged in providing psychological and 
emotional support to the rehabilitating athlete. Keys 
to success include setting realistic expectations early, 
encouraging a culture that facilitates open athlete 
discussion with constructive feedback, and always 
placing the athlete’s well-being first, regardless of 
external economic or societal pressures.
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65.1  Introduction
In professional football, most of the epidemio-
logical studies have been directed towards the 
physical health of players, principally towards 
the occurrence of musculoskeletal injuries and 
more recently towards the prevention of these 
injuries. By contrast, scientific information about 
the mental health of professional footballers 
remains scarce. This is surprising because play-
ers are (cumulatively) exposed during their career 
to specific and non-specific stressors that might 
lead to symptoms of common mental disorders 
(CMD). These symptoms of CMD are likely to 
influence the performances of players but also 
their quality of life negatively.
This chapter focuses on the symptoms of 
CMD (self-reported and not clinically diagnosed) 
that might occur during a career in professional 
football. After its definition, the magnitude of the 
symptoms of CMD among professional foot-
ballers is presented. Subsequently, the non- 
specific and football-specific stressors that play a 
role in the occurrence of symptoms of CMD are 
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presented. Finally, a concise overview of the 
symptoms of CMD that are most frequently 
reported by players is given.
65.2  Definition of Symptoms 
of Common Mental 
Disorders
Someone suffers from symptoms of CMD when 
he or she experiences adverse feelings or 
thoughts or when he or she shows some abnor-
mal or maladaptive behaviour that impair his or 
her activities either in daily life, work or sport 
(Fact Box 1). Examples of symptoms of CMD 
are related to distress, burnout, anxiety, depres-
sion or sleep disturbance. In contrast to symp-
toms of CMD that are self-reported, mental 
disorders are clinically diagnosed and refer to 
the combination of more severe symptoms. In 
accordance with the standard classification of 
mental disorders used by mental health profes-
sionals in the USA (Diagnostic and Statistical 
Manual of Mental Disorders), mental disorders 
are divided into different categories such as 
depressive disorders (e.g. major depressive dis-
order), anxiety disorders (excessive fear and 
anxiety and related behavioural disturbances), 
sleep-wake disorders (e.g. insomnia disorder, 
hypersomnolence disorder), substance-related 
and addictive disorders (e.g. alcohol, caffeine, 
cannabis) and feeding and eating disorders 
(anorexia nervosa, bulimia nervosa) [1]. 
Symptoms of CMD are often comorbid (several 
symptoms occurring simultaneously).
65.3  Prevalence and Incidence 
of Symptoms of Common 
Mental Disorders 
in Professional Football
In recent years, several studies have been con-
ducted about the occurrence of symptoms of CMD 
among professional footballers [2–7]. In 2013, a 
preliminary study on symptoms of CMD was con-
ducted in a sample of 149 male professional foot-
ballers (mean age of 27 years; mean career 
duration of 9 years; 60% playing in the highest 
professional league) from Australia, Ireland, the 
Netherlands, New Zealand, Scotland and the USA 
[2]. In this cross-sectional study, the 4-week preva-
lence of symptoms of CMD was 10% for distress, 
26% for anxiety/depression and 19% for adverse 
alcohol use [2]. Subsequently to this preliminary 
study, a 12-month prospective cohort study on 
symptoms of CMD was conducted among 607 
male professional players (mean age of 27 years; 
mean career duration of 8 years; 55% playing in 
the highest professional league) recruited in 11 
countries [3]. In that study, the same scales for 
measuring symptoms of CMD were used as in the 
preliminary study. The 4-week prevalence of 
symptoms of CMD found at baseline was 15% for 
distress, 38% for anxiety/depression, 23% for 
sleep disturbance and 9% for adverse alcohol use 
[3]. A sub-analysis of these baseline data showed 
that the prevalence rates of symptoms of CMD 
were quite similar across five European countries, 
ranging from 6% in Sweden for adverse alcohol 
use to 43% in Norway for anxiety/depression [4]. 
Based on the longitudinal data collected during the 
12-month follow-up period (follow-up rate of 
68%), incidence of symptoms of CMD among 
professional footballers was 12% for distress, 37% 
for anxiety/depression, 19% for sleep disturbance 
and 14% for adverse alcohol use [5]. A study 
among 471 top-level football players from 
Switzerland found a prevalence of 8% for mild to 
moderate depression, 3% for major depression and 
around 1% for an at least moderate anxiety disor-
der [7]. In that study (using different scales for 
measuring depression and anxiety than those used 
the studies aforementioned), male players had a 
lower prevalence of depression and anxiety than 
female players [7].
Fact Box 1
Symptoms of common mental disorders 
include feelings and thoughts of psycho-
logical disturbance—such as feelings and 
thoughts of distress, anxiety, depression or 
sleep disturbance—and describe a mental 
and emotional state that affects signifi-
cantly the way of thinking, feeling and 
behaving to such an extent that important 
areas of life such as learning, living, work-
ing, exercising and socialising are impaired.
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In other professional sports, recent studies 
found similar prevalence rates than those among 
football players (Table 65.1). In 2015, a cross- 
sectional study involving 224 Australian elite ath-
letes showed that 45% of them had experienced 
symptoms of at least one mental health problem 
such as anxiety, depression or distress in the previ-
ous few weeks [8]. In another recent study involv-
ing more than 2000 young and adult French 
Olympics athletes, 17% of them reported having 
encountered mental problems in the past [9]. 
Among 203 Dutch elite athletes, 4-week preva-
lence of symptoms of CMD ranged from 6% for 
adverse alcohol use to 45% for anxiety/depression, 
while 17% reported two simultaneous symptoms 
of CMD [10]. Among 204 elite Gaelic athletes, a 
prospective cohort study (2016) showed a 4-week 
prevalence of symptoms of CMD reaching up to 
48% for anxiety/depression, while around 24% and 
16% reported two and three simultaneous symp-
toms of CMD, respectively [11]. In South African 
professional cricket (N = 78), 4-week prevalence of 
symptoms of CMD ranged from 26% for adverse 
alcohol use to 38% for distress and anxiety/depres-
sion [12]. Among 990 (semi-)professional rugby 
players, 4-week prevalence of symptoms of CMD 
was 18% for distress, 30% for anxiety/depression, 
13% for sleep disturbance, 23% for eating disor-
ders and 15% for adverse alcohol use [13].
65.4  Aetiology of Symptoms 
of Common Mental 
Disorders
The occurrence of symptoms of CMD is not 
caused by a single stressor but is usually multi-
factorial. Among professional footballers, symp-
toms of CMD can occur as a consequence of the 
interaction between psychosocial, sport-specific 
and career-related stressors.
65.4.1  Psychosocial Stressors
As indicated in the biopsychosocial model 
(Fig. 65.1), biological (genetic, biochemical, 
etc.), psychological (mood, personality, behav-
iour, etc.) and social (cultural, familial, socioeco-
nomic, medical, etc.) stressors play a role in the 
occurrence of symptoms of CMD (as well as 
physical health problems) [14]. The biopsycho-
social model is a general framework arguing that 
the complex and dynamic interaction between 
Table 65.1 Prevalence of symptoms of common mental disorders among professional footballers and professional 
athletes from other sport disciplines
Distress Anxiety/depression Sleep disturbance Adverse alcohol use
Footballers 10–15 26–38 23 9–19
Cricketers 38 37 38 26
Dutch athletes 27 45 22 6
Gaelic athletes 38 48 33 23
Handball 20 26 22 3
Ice hockey 9 17 9 6
Rugby players 17 30 13 15










Social factorsPsychological factorsBiological factorsFig. 65.1 Biopsychosocial  
model
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these three types of stressors determines the 
course of health-related outcomes, and not one 
type of stressors in isolation.
Especially, vulnerability due to potential pre-
disposition, combined with environmental stress-
ors or life events, can lead to symptoms of 
CMD. Because of the exposure to many life 
changes and related stressors between the 18th 
and 25th year of someone’s life, symptoms of 
CMD occur especially in young adulthood, with 
some symptoms being clearly gender related 
[15]. As any human being, professional foot-
ballers are likely to develop symptoms of CMD 
as a consequence of potential biological, psycho-
logical and social stressors. In addition, profes-
sional footballers are also exposed during their 
career to sport-specific stressors.
65.4.2  Sport-Specific Stressors
Recently, the scientific literature has shown that 
professional footballers as well as competitive 
athletes might be confronted during their career 
(including transitioning out of sport) with up to 
640 distinct stressors that could induce symp-
toms of CMD (Fact Box 2) [16].
These sport-specific stressors are divided into 
four main categories: (1) leadership and person-
nel issues (adverse coach’s behaviour and atti-
tudes, conflict with coach, dealing with media 
and spectators, governing bodies, etc.), (2) logis-
tical and environmental issues (poor travel and 
accommodation arrangements, adverse weather 
conditions, poor facilities and equipment, etc.), 
(3) cultural and team issues (adverse teammates’ 
behaviour and attitudes, lack of support, poor 
communication, etc.) and (4) performance and 
personal issues (decreased performances, inju-
ries, etc.) [16].
Especially injuries that lead to a long layoff 
period can be considered as a major stressor that 
might induce symptoms of CMD. Cross-
sectional analyses within the aforementioned 
12-month prospective cohort study showed that 
the total number of severe time-loss (28 days or 
more) injuries during a football career was posi-
tively correlated with distress, anxiety and sleep-
ing disturbance (Fact Box 3) [6]. These analyses 
showed that professional footballers who had 
sustained one or more severe time-loss injuries 
during their career were 2–4 times more likely to 
report symptoms of CMD than professional foot-
ballers who had not suffered from severe time-
loss injuries [6].
These sport-specific stressors, combined with 
more traditional biological, psychological and 
social stressors, form a complex dynamic to 
Fact Box 3
The number of severe musculoskeletal 
injuries during a football career is corre-
lated with distress, anxiety and sleeping 
disturbance. Professional footballers who 
have sustained one or more severe muscu-
loskeletal injuries (time-loss >4 weeks) 
during their career are two to nearly four 
times more likely to report symptoms of 
common mental disorders than profes-
sional footballers who have not suffered 
from severe musculoskeletal injuries.
Fact Box 2
Four main categories of sport-specific 
stressors:
• Leadership and personnel issues: 
adverse coach’s behaviour and attitudes, 
conflict with coach, dealing with media 
and spectators, governing bodies, etc.
• Logistical and environmental issues: 
poor travel and accommodation arrange-
ments, adverse weather conditions, poor 
facilities and equipment, etc.
• Cultural and team issues: adverse team-
mates’ behaviour and attitudes, lack of 
support, poor communication, etc.
• Performance and personal issues: 
decreased performances, injuries, etc.
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which professional footballers are exposed from 
their young adulthood until the end of their 
career. The interaction between all these stressors 
can lead to symptoms of CMD among profes-
sional footballers but can also impair their devel-
opment as players [17].
65.4.3  Developmental Model 
of Transitions
The developmental model of transitions 
(Fig. 65.2) shows that the development of an ath-
lete (such as a professional footballer) can be 
characterised by different developmental transi-
tions that occur on four levels [17]: (1) stages and 
transitions related to sport development (for 
instance from the years within the academy of a 
football club to the transition out of competitive 
football), (2) stages and transitions occurring at 
psychological level (childhood, adolescence and 
(young) adulthood), (3) stages and transitions 
occurring in the athlete’s psychosocial develop-
ment relative to her or his sport involvement (ath-
lete family, peer relationships, coach-player 
relationships, marital relationships and other 
interpersonal relationships significant to players) 
and (4) stages and transitions related to the aca-
demic and vocational level (primary education/
elementary school, secondary education/high 
school, higher education (college/university), 
vocational training and/or an professional 
occupation).
To continue to develop and thus continue to 
achieve the required level of performance, ath-
letes should be able to successfully cope with 
these stages and transitions within and across 
all four developmental levels. Inadequate cop-
ing, for example, when there is insufficient 
social support within the athlete’s environment 
or when an athlete does not concur with the 
requirements of a first-year senior athlete 
(being no longer the strongest, competing with 
mature and experienced athletes), can lead to a 
transitional crisis that might be associated with 
symptoms of CMD. The developmental model 
of transitions (Fig. 65.2) underlines not only 
the interactive nature of transitions in different 
domains of life of athletes but also that nonath-
letic transition may affect, aside their mental 
health, the development of athletes’ sports 
career.



































Fig. 65.2 The developmental model of transitions
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65.5  Prevalent Mental Health 
Problems in Professional 
Football
The next sections present some basic information 
(definition, symptoms and signs, assessment and 
screening, treatment approach) about the symp-
toms of CMD being prevalent among profes-
sional footballers, namely, anxiety/depression 
(prevalence up to 38%), sleep disturbance (preva-
lence up to 23%) and adverse alcohol use (preva-
lence of up to 19%) [1, 18]. These symptoms can 
have some negative influence for the perfor-
mances of players but also for their return-to-play 
process.
65.5.1  Depression
Depression is a common, but often serious, mood 
disorder causing severe symptoms that affect 
how you feel, think and handle activities of daily 
life, work and/or sport. Depression is character-
ised by persistent and long-lasting symptoms 
such as:
• Low or sad moods, often with crying 
episodes
• Irritability and anger
• Thinking negatively and feeling worthless, 
helpless and hopeless
• Appetite and sleeping disturbance
• Decrease in energy and activity levels with 
feelings of fatigue or tiredness
• Decreases in concentration, interest and 
motivation
• Social withdrawal or avoidance
• Unexplained aches and pains (increased in 
physical complaints such as headaches, back 
pain, aching muscles and stomach pain)
• In severe cases: thoughts of death or suicide
To be diagnosed with depression, a person 
must have experienced during more than 2 
weeks a major depressive episode including a 
combination of symptoms. To establish such a 
diagnosis, information is collected through 
medical history about the presence of symptoms 
and the level of impairment (daily life, work 
and/or sport). In addition, reproducible and 
valid screening instruments can be used such as 
Hospital Anxiety and Depression Scale (HADS), 
General Health Questionnaire (GHQ) and 
Profile of Mood States (POMS). While a short 
depressive episode can resolve naturally, treat-
ment is warranted when the depression becomes 
more severe, lasts longer, occurs more fre-
quently and impairs functioning significantly 
(Fact Box 4).
65.5.2  Anxiety
Anxiety is a normal part of everyday life: every-
one is likely from time to time to experience 
symptoms of anxiety, either in the cognitive (e.g. 
worries), emotional (e.g. feelings of nervous-
ness), behavioural (e.g. pacing) or physiological 
(e.g. muscle tension) domain. Anxiety is charac-
terised by feelings of abnormal, e.g. extreme fear, 
panic and/or worry, that lead to sustainable irra-
tional or to impairment in social context. 
Difference should be made between panic disor-
der, social anxiety disorder, generalised anxiety 
disorders and phobias.
Being often comorbid with depression, anxi-
ety includes symptoms such as:
• Feelings of panic, fear and uneasiness
• Sleeping disturbance
• Cold or sweaty hands or feet
• Shortness of breath
• Heart palpitations
• Not being able to be still and calm
• Dry mouth




Anxiety can be diagnosed using structured and 
semi-structured interviews (Diagnostic Interview 
Schedule, Anxiety Disorders Interview Schedule) 
as well as with (behavioural) observations. In 
addition, reproducible and valid screening instru-
ments can be used such as Symptom Checklist-90 
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(SCL-90), Hospital Anxiety and Depression Scale 
(HADS), General Health Questionnaire (GHQ) 
and Profile of Mood States (POMS). Depending 
on the type of anxiety disorder, several therapy 
strategies can be applied (Fact Box 4).
65.5.3  Sleep Disturbance
Sleep disturbance includes complaints that affect 
the ability to sleep well on a regular basis. While 
occasionally experiencing difficulties to sleep is 
normal, it is abnormal to regularly have problems 
getting to sleep at night, to wake up feeling 
exhausted or to feel sleepy during the day. 
Insomnia might be the most known type of sleep 
disturbance, being defined as having poor sleep 
at least three times a week that may lead to daily 
life impairments (e.g. fatigue, irritability, 
decreased concentration). Depending on its 
severity and type, sleep disturbance includes 
symptoms such as:
• Difficulty falling or staying asleep
• Daytime fatigue
• Strong urge to take naps during the day
• Irritability or anxiety
• Lack of concentration
• Depression
Information collected through medical history 
is generally sufficient to establish the diagnosis 
of sleep disturbance. During the anamnesis, sev-
eral issues need to be addressed, among which 
(1) nature, duration, course and frequency of the 
symptoms, (2) impairments in daily living, (3) 
potential causes, (4) sleep patterns (including 
evening activities disturbing sleep) and (5) physi-
cal symptoms and disorders (pain, cough, dys-
pnoea, nasal congestion, night sweats, 
palpitations). Physical examination is not often 
necessary, only in case of the presence of physi-
cal symptoms and disorders. In addition to the 
use of a sleep diary, reproducible and valid 
screening instruments can be used such as Sleep 
Disorders Questionnaire (SDQ), Epworth 
Sleepiness Scale (ESS) and Holland Sleep 
Disorders Questionnaire.
Depending on the type and underlying cause, 
the treatment for sleep disturbance generally 
includes a combination of medical treatments 
and lifestyle adjustments. Medical treatments 
might include sleeping pills, melatonin supple-
ments, medications for any underlying health 
problems, breathing device and a dental guard. 
Lifestyle adjustments aim at improving the qual-
ity of sleep, for instance, by reducing stress and 
anxiety through exercising, having a regular 
sleeping schedule, limiting the consumption of 
caffeine, decreasing tobacco and alcohol use and 
eating smaller meals before bedtime.
65.5.4  Adverse Alcohol Use
Adverse alcohol use and alcohol dependence are 
characterised by either a persistent pattern of 
inappropriate alcohol use or of adverse conse-
quences. While alcohol dependence is typically 
considered to be synonymous with alcoholism, 
adverse alcohol use can be defined as a recurring 
pattern of high-risk drinking that results in 
adverse outcomes such as personal problems (e.g. 
memory and cognition, job, family and friends), 
problems to others (e.g. injuries, violence) and 
problems for society (e.g. underage drinking, 
health care costs). Depending on the type and 
amount of alcohol consumed and an individual’s 
Fact Box 4
Treatment strategies for depression 
(depending on duration and severity):
• Self-management and education (with 
minimal support) or counselling
• Forms of physical activity such as walk-
ing, running, cycling or swimming
• Evidence-based psychotherapy 
approach such as cognitive behavioural 
therapy, interpersonal therapy and 
problem-solving therapy
• e-Health interventions
• Medication including especially (mod-
ern) antidepressants
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personality, several (physical) signs might occur 
as a consequence of adverse alcohol use, for 
instance, decreased involvement and interest in 
social activities, work or school, lack of interest 
in family or friends, depression, restlessness, 
erratic and violent behaviour and redness of the 
face during or after periods of consumption.
Moderate drinking can be defined as consum-
ing (1) up to one drink (10 g of alcohol, which is 
around 100 ml of wine) per day for women and 
(2) up to two drinks per day for men. Excessive 
(binge) drinking can be defined as consuming (1) 
four or more drinks during a single occasion for 
women and (2) five or more drinks during a sin-
gle occasion for men. Heavy drinking can be 
defined as consuming (1) 8 or more drinks per 
week for women and (2) 15 or more drinks per 
week for men. Adverse alcohol use (and depen-
dence) can be screened with the following repro-
ducible and valid instruments: Michigan 
Alcoholism Screening Test (MAST), Alcohol 
Use Disorders Identification Test (AUDIT), Cut 
down, Annoyed by criticism, Guilty about drink-
ing, Eye-opener (CAGE-test).
The first step of any treatment is to go through 
detoxification, being the process of removing 
alcohol from the body and eliminate any physical 
dependency to the substance. Such a process is 
associated with developing withdrawal symp-
toms such as nausea, trembling and sweating. In 
addition to medication (such as benzodiazepines 
or naltrexone), various interventions can be used 
such as motivational interviewing, cognitive 
behavioural therapy, teaching social skills and 
self-control training.
65.6  Potential Influence 
on Performances 
and Return to Play
Symptoms of CMD reported by professional foot-
ballers are likely to influence negatively their per-
formances. Most of professional footballers believe 
that symptoms of CMD influence football perfor-
mances negatively, while a large majority (65%) 
mentioned that they had been impaired during their 
own career because of symptoms of CMD. Because 
of their nature and consequences, a logical assump-
tion is that symptoms of CMD are likely to inter-
fere within the return-to-play process, especially 
with regard to the following aspects:








• Four-week prevalence of symptoms of com-
mon mental disorders among professional 
footballers ranges from 9% for adverse alco-
hol use to 38% for anxiety/depression and 
12-month incidence from 12% for distress to 
37% for anxiety/depression.
• Professional footballers who have sustained 
one or more severe time-loss injuries during 
their career are two to four to nearly four times 
more likely to report symptoms of a mental dis-
order than professional footballers who have 
not suffered from similar time-loss injuries.
• Symptoms of common mental disorders are 
likely to influence football performance nega-
tively and to interfere with return to play.
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66.1  Introduction
Football is the most popular sport worldwide and is 
played on amateur or recreational level by almost 
300 million people. While football can be consid-
ered a healthy leisure activity, football, as a contact 
team sport, entails also a certain risk of injury. The 
medical treatment of football-related injuries can 
have a significant socio-economic impact in terms 
of related healthcare costs [1]. In 1994 FIFA realised 
their responsibility towards player’s health and 
safety and founded its FIFA Medical Assessment 
and Research Centre (F-MARC) in order to cre-
ate and disseminate scientific knowledge on vari-
ous medical topics in football, to reduce football 
injuries and, thus, to promote football as a health-
enhancing leisure activity [2]. The chapter presents 
the theoretical background, development, scien-
tific evaluation, implementation and dissemination 
strategies of FIFA’s injury prevention programmes 
(“The 11, The 11+ or FIFA 11+”), under the leader-
ship of F-MARC (1994–2016), in order to provide 
a role model of how an international sports govern-
ing body can make its sport safer.
66.2  Development of Injury 
Prevention Programmes
The first scientific study on injury prevention 
in football was published in 1983 [3]. In the 
next 20 years, only few authors reported stud-
M. Bizzini, Ph.D., P.T. 






ies on prevention of football injuries. In 2000 
F-MARC conducted its first study on preven-
tion of football injury in male Swiss youth 
teams, showing 21% fewer injuries in the inter-
vention compared to the control group [4]. The 
interventions were focused on improving the 
structure and content of the training by edu-
cating and supervising the coaches and play-
ers. The prevention program included general 
interventions such as improvement of warm-up, 
regular cool-down, taping of unstable ankles, 
adequate rehabilitation, promotion of the spirit 
of fair play and ten sets of exercises designed 
to improve coordination, stability of ankle and 
knee, flexibility and strength of trunk, hip and 
leg muscles. Based on the experiences with 
this pilot study and in cooperation with inter-
national experts, F-MARC developed in 2003 
a simple injury prevention programme for ama-
teur football players called “The 11”.
“The 11” comprises ten evidence-based or 
best-practice exercises (core stability, balance, 
dynamic stabilisation and eccentric hamstring 
strength) and the promotion of Fair Play. The 
programme was designed to reduce the most 
common football injuries (ankle and knee sprains, 
hamstring and groin strains). It can be completed 
in 10–15 min and requires no equipment other 
than a ball. “The 11” was implemented in two 
countrywide campaigns (Switzerland and New 
Zealand) in cooperation with the national acci-
dent insurance company and the national football 
association [1].
In Switzerland, the implementation of “The 
11” and its effects on the injury rates were evalu-
ated by an independent research institute. Four 
years after the launch of the programme, teams 
that included “The 11” as a part of their warm-up 
had 11.5% fewer match injuries and 25.3% fewer 
training injuries than team that warmed-up as 
usual [5]. In New Zealand the implementation of 
“The 11” resulted in an 8.2 dollars of return of 
investment (per invested dollar) for the national 
accident insurance company after 7 years [1].
In two controlled randomised studies (RCTs) 
on “The 11”, no statistical significant effects 
were found in terms of injury prevention in 
male and female players. Compliance issues 
and exercise dosage were discussed as the main 
points of concern [1]. Based on experiences 
with “The 11”, “PEP” (Prevent Injury and 
Enhance Performance) Programme [6] and 
other exercised- based programmes to prevent 
football injuries, an advanced version (“The 
11+, later called FIFA 11+”) was developed in 
2006 together with the OSTRC and the Santa 
Monica Orthopaedic and Sports Medicine 
Research Foundation. “The 11+” is a complete 
warm-up programme with running exercises in 
the beginning and at the end to activate the car-
diovascular system and specific preventive 
exercises focussing on core and leg strength, 
balance and agility, each of three levels of 
increasing difficulty (to providing variation and 
progression). It takes about 20–25 min to be 
completed and requires a minimum of equip-
ment (a set of cones and balls) (Fig. 66.1). “The 
11+” should replace the usual warm-up few 
times a week [1].
As from 2007, different research groups 
worldwide evaluated the preventive and perfor-
mance effects of this basic prevention pro-
gramme [7].
66.3  Evidence of Injury 
Prevention for 11+ in Female 
and Male Players
The efficacy of the 11+ was first proven in young 
female players, which was similar for “PEP” 
(Prevent Injury and Enhance Performance), a 
non-contact ACL prevention programme. A sig-
nificant reduction (up to 50%) of injuries was 
found in young female players in large RCTs, 
when the warm-up exercises were performed at 
least twice a week [8, 9]. In both studies the role 
of compliance was documented, showing a fur-
ther reduction of injury risk in those players with 
higher adherence to the programme. Recently a 
similar impact of the 11+ was reported in two 




et al. [10] found a significantly lower (ca. 40%) 
incidence of injuries in young Nigerian male 
players, and Silvers-Granelli et al. [11] reported 
similar results in American male NCAA Division 
I–II players—when performing the programme 
regularly (2–3×/week). These four RCTs impres-
sively showed how a basic injury prevention pro-
gramme, with proper player compliance, 
significantly reduces injuries both in female and 
male amateur football. Two recent systematic 
reviews on structured neuromuscular warm-up 
programmes underline the evidence behind the 
preventive effects of the 11+ in youth amateur 
football [7]. A recent systematic review and 
meta-analysis concluded that the 11+ has a sub-
stantial injury-preventing effect by reducing 
football injuries in recreational/subelite football 
by 39% [12].
In other age groups, especially in children 
(below 14 years of age), there is a paucity of 
research in injuries and their prevention [13]. 
Researchers [14] formulated the basis for 
 preventive strategies in children playing foot-
ball, and after developing an adapted “11+ 
Kids” programme [15], F-MARC conducted a 
large multicentre intervention study (four 
European countries), which showed an impres-
sive overall reduction (by ca. 50%) of injuries 
in children performing the 11+ Kids exercises 
[16] (Fig. 66.2).
Fig. 66.1 Vicente del Bosque, coach of the Spanish national football team (World Cup winner 2010), promoting “Los 
11+” together with Mario Bizzini (left) and Jiri Dvorak (right), Madrid, December 2010
Fact Box 1
The 11+ prevention programme reduces 
the top four most prevalent football inju-
ries: hamstring by 60%, hip/groin by 41%, 
knee by 48% and ankle by 32% (level 1 
evidence-based information form the last 
systematic review and meta-analysis) [12].
66 The 11+ Injury Prevention Programme (2008–2016)
pieter.orthopedie@gmail.com
866
66.4  The Referees
The match officials are an important but often 
unrecognised part in football. In modern foot-
ball, referees (especially at elite level) are 
exposed to considerable amounts of match and 
training loads. While several (but to a lesser 
extent than in players) studies have addressed 
different aspects of performance and training, 
recently the associated injury risk in referees has 
been investigated. Based on the their specific 
injury profile and on the successful 11+, a “11+ 
Referee” injury prevention programme for refer-
ees and assistant referees has been developed 
and pilot tested [17]. The programme is being 
distributed worldwide (since 2013) within the 
FIFA refereeing courses and can be accessed 
online (http://fifamedicinediploma.com/courses/
referee/).
66.5  Performance and Warm-Up 
Effects of FIFA 11+
“Which are the performance benefits of such 
exercises?” is one of the most common questions 
by football coaches, when exposed to a so-called 
“injury prevention programme”. Various studies 
have investigated the performance effects of the 
11+ in male and female players. A RCT found 
significantly better neuromuscular control 
(quicker stabilisation time of lower extremity and 
core) in Italian amateur male players after 
9 weeks of FIFA 11+ practice [18]. Others [19] 
showed significant better functional balance in 
Canadian young female players performing the 
11+ during a season in another RCT. Other stud-
ies found improved knee strength ratios, static/
dynamic balance and agility skills in Asian male 
players after performing the 11+ warm-up for an 
Fig. 66.2 Demonstration of 11+ KIDS exercises at the CBF (Confederacao Brasileira de Futebol) headquarters, Rio de 




average time of 2 months. A pre-post study in 
Italian male amateur players showed how 11+ 
induces similar physiological responses as other 
published warm-ups [20]. Recently two studies 
showed how 11+ exercises can trigger core and 
hip musculature activation, therefore improving 
neuromuscular control (Fig. 66.2). Other studies 
have found positive performance enhancement 
effects of the 11+ in male futsal players [20].
While epidemiological data are available in 
professional football, almost no prevention stud-
ies in elite-level players have been published so 
far. Recent published surveys on the preventative 
strategies in premier league clubs and national 
teams showed that some most of the rated pre-
ventive exercises were components of the 11+ 
programme [21, 22].
66.6  Development 
of an Implementation 
Strategy
From the beginning of F-MARC activities in 
injury prevention, the coach—especially at lower 
levels—was identified as the key instigator in per-
forming injury prevention programmes with her/
his players. The successful countrywide campaign 
in Switzerland was the first example demonstrat-
ing how a basic injury prevention programme can 
be disseminated and implemented at large scale in 
amateur football through coaching education [5]. 
For the countrywide campaign in Switzerland, 
“The 11” was integrated in the coach education of 
the Swiss Football Association (Schweizerischer 
Fussballverband (SFV)) using a “teach the 
teacher” strategy or “cascade approach”. All 
instructor coaches of the SFV were educated by 
sports physical therapists on how to deliver the 
programme to the coaches in their licencing or 
refresher courses. During a period of 3 years, 
5000 licenced amateur coaches were subsequently 
instructed on performing “The 11” with their 
teams and received the information material [5]. 
The same strategy was used in New Zealand, 
where “The 11” was implemented as part of the 
“Soccer Smart Program”. In Belgium, the intro-
duction of the 11+ (via coaching courses by the 
National Football Federation) together with other 
preventive policies (i.e. no matches if weather 
conditions are bad) has led to an overall reduction 
of football-related injuries [7].
In a RCT evaluating different delivery meth-
ods of the 11+ found that a pre-season coaching 
workshop was more effective (than unsupervised 
delivery, additional on-field supervision) in terms 
of adherence and even reduced injury risk in 
teams performing the injury prevention pro-
gramme [9]. Delivery strategies should be further 
tailored to coaches (and players), as other factors 
(knowledge, beliefs, experience) may also influ-
ence their behaviour towards endorsing injury 
prevention programmes.
“The 11+” is best taught to coaches in a work-
shop that includes theoretical background knowl-
edge and practical demonstration of the exercises 
(Fig. 66.3). After raising the coach motivation and 
awareness of injury prevention, the exercises 
should be briefly explained and demonstrated. It is 
helpful to select a participant to perform the exer-
cise, while the instructor highlights the correct 
execution of the exercises. The participants should 
then perform the exercises and be corrected by the 
instructor(s). The participants should get “a feel” 
for the exercises and appreciated the challenges 
behind each exercises. In the second half of the 
workshop, each of the participants should teach at 
least one of the exercises to the group and get feed-
back on this from the instructor [1].
Fact Box 2
Information material on “The 11+” was 
developed, produced and made available 
for coaches and players. The material 
includes a detailed manual, an instructional 
DVD, posters and promotional booklet/
clips. All material is available in various 
languages and can be accessed on http://
fi famedic inedip loma.com/courses /
injury-prevention/.
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66.7  Worldwide Dissemination 
of “The 11+”
In 2009 FIFA started the dissemination of the 
programme in its 209 Member Associations 
(MAs). Based on the experience with the coun-
trywide implementation in Switzerland and New 
Zealand, a guideline on how to implement the 
“The 11+” injury prevention programme at large 
scale in amateur football was developed. The 
implementation is conducted either in close 
cooperation with MAs or via FIFA Coaching 
Instructor courses coaching courses. F-MARC 
supports the MAs in the preparation of the 
 educational material in the local language and the 
workshops for the first group of instructor in ini-
tiate the cascade training [1].
Various important national football associa-
tions (such as Germany, Brazil, Italy, Japan) inte-
grated “The 11+” in their basis coaching 
curriculum or their physical training/education 
curriculum. Despite implementation problems, 
other countries followed these role models, and 
in general the interest towards injury prevention 
in football has increased over the years [1].
66.8  Implementation of 11+: 
The Example of Germany
The German Football Association (DFB, 
Deutscher Fussball-Bund), the four-time FIFA 
World Cup winner, is the largest MA worldwide. 
The DFB has for many years had a state-of-the- 
art organisation and knowledge at all levels of 
football: nevertheless, the Association (at its 
highest levels) decided in 2011 to promote 11+ 
among its nearly seven million registered ama-
teur players. Following the cooperation with one 
of the German national insurance companies 
(Verwaltungs-Berufsgenossenschaft; VBG) and 




F_MARC, the 11+ was first presented to execu-
tives and representatives of the DFB Amateur 
Football at a congress in Kassel (February 
2012). The dissemination plan was then final-
ised, with the financial costs (material, course 
organisation, others) divided by DFB (50%) and 
VBG (50%). The position of a dedicated man-
ager within the DFB was crucial to ensure the 
realisation of this project. F-MARC provided 
full support in realising the first two instructor’s 
courses, targeting the DFB head regional 
coaches and the DFB head talent coordinators 
(October 2012). During 2013 and 2015, 45 
courses were conducted in the 21 regions of the 
DFB, and a total of 1300 coaches were certified 
as 11+ instructors. This cascade training (“teach 
the teacher” strategy, as outlined by Junge et al. 
[5]) allowed the 26,000 registered clubs in DFB 
amateur football to be subsequently targeted (for 
ratio of approx. 1 instructor per 23 teams), thus 
making the outreach of the programme to all 
clubs easier.
66.9  Challenges
While the scientific evidence has proven that 11+ 
can prevent non-contact football injuries, its 
implementation in the field (as for other injury 
prevention programmes) remains a challenging 
task. FIFA has included the programme in all 
official coaching courses and presented this con-
cept of prevention at several occasions in all con-
tinents. Despite numerous promotional activities 
in more than 80 countries and 3 FIFA Medical 
Conferences (Zürich 2009, Budapest 2012, 
Zürich 2015), so far the 11+ has been endorsed 
by only 20 MAs (ca. 10% of all MAs) of FIFA 
[7]. Current and past World Cup Champions such 
as Germany, Brazil and Japan (to cite only three) 
symbolise that the (political) willingness at MA 
executive levels is crucial in order to strongly 
support the message of prevention (Fig. 66.4). 
Therefore, the firm commitment by a MA to 
realise a given implementation plan, allocating 
persons and resources for the 11+ “project”, is 
Fig. 66.4 The Japan Football Association (JFA) was the first MA to endorse 11+. The JFA women national football 
team (winner of the 2011 Women’s World Cup) promoting 11+, Tokyo, November 2011
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fundamental. The example by the DFB in 
Germany, as outlined above, shows that this is 
also feasible in a large country. Furthermore, 
implementation strategies at various levels, as 
illustrated by the RE-AIM Sports Setting Matrix 
[23], and implementation drivers are needed to 
plan programme adoption, implementation and 
sustainability.
 Conclusion
Since the introduction of the 11+ (or FIFA 
11+), research studies and implementation 
campaigns with this programme have been 
conducted in four continents (Europe, North 
America, Africa and Asia). While some areas 
are still being investigated (i.e. children), sub-
stantial scientific evidence supports the dis-
semination and implementation of the 11+ as 
a basic injury prevention programme in ama-
teur football. Although important results have 
been achieved, a lot still remains to be done, 
especially in prioritising “injury prevention” 
in the overall enhancement of the health of 
football players within the MA’s responsibili-
ties. The two countrywide campaigns in 
Switzerland and New Zealand represent suc-
cessful examples of injury prevention in ama-
teur football: not only the incidence of football 
injuries can be reduced, but also the health-
related costs can be impressively diminished.
Take Home Message
• The 11+ programme can effectively reduce 
soccer injuries (non-contact) by 39% in recre-
ational and subelite soccer players.
• Reduction of the four most prevalent soccer 
injuries—hamstring, hip/groin, knee and ankle 
injury: 60%, 41%, 48%, 32%, respectively.
• Regular performance of the programme is the 
key to ensure its preventive effects.
• Injury prevention should be an important 
piece of the overall soccer training.
• Coaching and players education is crucial.
• Dissemination and implementation should be 
further facilitated by all relevant parties in 
football (clubs, academies, associations, 
confederations).
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67.1  Introduction
Football is a dynamic and physically demanding 
sport, has an intermittent character, and switches 
between short high-intensity phases with or with-
out ball such as sprints, jumps, and side-cutting 
movements and low-intensity phases, such as tac-
tical built-up and game interruptions. To be able 
to participate on the highest level, players will 
have to withstand the continuously increasing 
high athletic demands.
Due to increases in game speed, numbers of 
matches, and athleticism, the musculoskeletal 
system has a high demand and therefore a 
 potential high risk of injuries. In an analysis of 
the national statutory accident insurance com-
pany, the first national football league in Germany 
showed a distribution of 38.3% match injuries 
and 61.7% training session injuries in the season 
2014/2015 [1]. Comparing the distribution of 
sustained injuries for each month of the season, 
injuries during training sessions occurred to a 
higher number during the classic preseason times 
in July and January in which players have a 
higher training exposition than in other months, 
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but evidence is yet inconclusive if increased 
training volume and increased training intensity 
may play a role. This chapter will help to provide 
available evidence to show data connecting foot-
ball training load and injury risk in elite football 
players. Injury aetiology models have evolved 
over the previous two decades highlighting mul-
tiple factors which contribute to injury of ath-
letes. These models include internal risk factors, 
exposure to external risk factors, and an inciting 
event, wherein biomechanical breakdown and 
injury occurs (Fig. 67.1).
67.2  Internal and External Risk 
Factors for ACL Injury
Injury is not a circumstance of destiny. A multi-
factorial influence of internal and external risk 
factors modifies the injury risk in a certain unique 
situation. In the following some of these risk fac-
tors will be described in detail. For further infor-
mation, Chap. 19 will highlight further modifying 
risk factors.
67.2.1  Internal Risk Factors for ACL 
Injury
Over 40 million women play football today [2]. 
Considering the total number of both genders, the 
incidence of ACL injury is two to three times 
higher compared to male football [3–5]. 
Generally, women have a higher incidence in 
team sports compared to males [3, 6]. Certain dif-
ferences between men and women as a cause for 
anterior cruciate ligament injuries have already 
been established. Women have more often non-
contact ACL injuries than male football players. 
In men, cruciate ligament tears occur more often 
in their shooting leg compared to the standing leg 
in women [7]. During an ACL disruption, the 
bodyweight is shifted over the injured body side, 
especially in women. Hewett presents different 
causes on why women have a higher rate of cru-
ciate ligament tears [8]. “Ligament dominance” 
refers to a neuromuscular imbalance that ends in 
a knee valgus collapse in certain movements, for 
example, landing after a jump. Muscles cannot 
cushion the impact sufficiently enough, and joints 
and ligaments therefore need to absorb higher- 
energy peaks.
After a jump, women tend to land in a more 
extended knee position than males [8]. The domi-
nant muscle for the stabilization of the knee joint 
while landing is the quadriceps muscle. Its acti-
vation results in an extended knee position while 
landing and to a strain of the ACL through an 
anterior shift of the tibia. An imbalance between 
the quadriceps muscle and its antagonist, the 
hamstring muscles, has been called “quadriceps 
dominance.” A further risk factor for anterior 
cruciate ligament tears is “leg dominance.” Here, 
muscle power and muscle control present a 
higher side-to-side difference in females [9]. 






10.6 % 8.2 % 9.1 % 8.3 % 3.8 % 11.6 % 7.5 % 9.3 % 8.8 % 5.1 % 3.5 %
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Fig. 67.1 Distribution of training session injuries for 
each month in the season 2014/2015 in the highest two 
national football leagues in Germany. Injuries during 
training sessions occurred to a higher number during the 
classic preseason times in July and January, from 
Verwaltungsberufsgenossenschaft-Sportreport 2016 [1]
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positioning of the body trunk in a three- 
dimensional space and have need of greater cor-
rective movements are assumed to have a 
predisposition for an ACL tear [9]. “Trunk domi-
nance” suggests that males typically exhibit 
greater control of the trunk in performance situa-
tions. Rapid growth in pubescence may be a pos-
sible trigger for trunk control decrements.
Most injuries of the anterior cruciate ligament 
occur in young age. Injuries are sustained espe-
cially in phases of alterations of anthropometric 
composition, and resulting biomechanical altera-
tion of lever arms is often not sufficiently stabi-
lized by the musculoskeletal system. This occurs 
most often during growth spurt. Hormonal 
changes may also have a great impact on players 
during a whole season, especially in women. 
Estrogen levels play an important role and influ-
ence muscles and ligaments, which are more 
loose in women [10]. This fact tends to result in 
one of the major reasons for injuries of the lower 
extremity in female football [2, 11, 12].
Another important risk factor for an ACL tear 
are previous ACL tears or knee injuries [3–5, 13]. 
An ACL tear of one side is an increased risk for 
an ACL injury of the other side. Previous knee 
injuries lead to a persistent disturbance of pro-
prioception. Eighty percent of football players 
with ACL tears showed a previous injury in a 
short period before the incident. Most of these 
injuries were minor injuries, such as muscle inju-
ries on the thigh, ankle injuries, or even blisters 
on heel or toes. These disturbing factors lead to a 
disbalance in the coordination of the musculature 
in the lower extremity [8] and thereby to a vul-
nerability of the anterior cruciate ligament.
Different sports are characterized by a multi-
tude of highly specific, stereotypical patterns of 
movement. When the movements are performed 
at sufficient magnitudes for a long period of time, 
these sport-specific motor stimuli evoke specific 
responses in which certain biological structures 
undergo adaptations that enable the athlete to ade-
quately “process” the loads. These sport- specific 
adaptions affect bones, ligaments, and musculo-
skeletal and myofascial structures and are charac-
terized in all sports by an asymmetrical distribution 
of loads between the right and left sides of the 
athlete’s body (e.g., football with normally domi-
nant kicking and standing leg). Generally the 
adaptations heighten the quality of the sport-spe-
cific movement patterns and thus have a positive 
effect on the athlete’s performance in that particu-
lar sport. On the other hand, many of these adap-
tations cause changes in muscular loads and can 
sometimes lead to the overuse or unphysiologic 
loading of certain musculoskeletal structures and 
in so far could create an additional risk factor, 
exceeding the stress tolerance of the structures 
and resulting in injury [14, 15].
Further risk factors include an adequate fitness 
of the players, fluctuations in weight, and psy-
chological aspects such as match experience, 
motivation, or performance pressure.
67.2.2  External Risk Factors for ACL 
Injury
Artificial turf is a typical example for scientific 
studies being able to assess initially assumed risk 
factors as harmless. It could be shown that artifi-
cial turf of the third and fourth generation that 
possesses a FIFA license does not increase the 
risk of injury in football players [16]. Despite 
these results, the utilization of artificial turf for 
matches is still controversely discussed in 
European amateur and professional football. This 
may be influenced by possible negative results of 
switching between artificial and natural turf. For 
this reason, players are supposed to perform their 
training session on the respective surface their 
upcoming match will be played.
The data for the influence of football shoes 
and shoe profile on ACL tears is not yet conclu-
sive. The different interactions between surface 
of the turf and shoe make influences on injury 
mechanisms theoretically possible. Yet no sci-
entific study could show connections between 
different shoe brands or shoe cleats and ACL 
injury. For example, long cleats do not increase 
the likelihood of ACL injury [17]. Sport scien-
tists and sport brand manufacturers are very 
active in the analysis of possible risk factors and 
optimization of shoe design to reduce the likeli-
hood of injury.
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Environmental conditions may influence the 
likelihood of injury as dry weather increased the 
rate of ACL injury [18]. But data is yet inconclu-
sive as most data has been published from the 
Australian Football League.
67.3  Phases with Increased Risk 
of ACL Injury
Specific phases of a football season or football 
career are assumed to have an increased risk of 
ACL injury. The preseason period and the first 
match days of a new season have an increased 
risk of ACL injury in amateur and professional 
football. The series of summer break with loss of 
fitness, muscle force, and coordination and sud-
den physical overexertion at the beginning of the 
new season are assumed to let this time window 
appear more prone to ACL injuries. In phases of 
neuromuscular fatigue during preseason, the 
players have a decreased proprioception which 
results in increased load of the joints of the lower 
extremities. Countermovements from full sprint, 
rotational, or valgus movements may then result 
in overload of the knee joint and subsequent 
ACL tear.
The transition from junior football to senior 
football also appears to present a dangerous age 
phase. Söderman et al. found an increased risk 
for ACL tears in female junior football players 
participating in senior football [19]. The same 
could be established for male adolescents by our 
own data (not published). This topic is especially 
important for permits for junior players that want 
to play in professional senior football. No scien-
tific data has been established, but young players 
should be treated with caution to enable neuro-
muscular adaption and sufficient regeneration.
The increase of physical load in a football 
player may arise if a player changes its football 
team, especially if this new team plays in a more 
professional and demanding level, for example, 
in a higher-performing league. A promotion of a 
team into a higher league also increases the 
demands of the player. Krutsch could show that 
implementing a new professional third national 
football league increases the rate of ACL and 
PCL tears in this league in the first season [20]. 
The same could be shown in handball, where 
after restructuring the second league two-division 
system into one single national second league, 
Luig et al. (submitted) showed an increase of 
injury incidence in the second national division 
to almost the same level of the first national divi-
sion within the first two seasons.
67.4  Training Load
In addition to the interplay of risk factors or incit-
ing time phase, every athletic injury is sustained 
while athletes are exposed to training and compe-
tition workloads. Match workloads are due to the 
competitive demands of the sport, while training 
workloads are applied to athletes with the goal of 
inducing positive physiological changes and 
maximizing performance. The various biological 
adaptations induced by (appropriate) training 
increase athletes’ capacity to accept and with-
stand load and may thus provide protection from 
injuries.
67.4.1  External and Internal  
Training Load
An external training load refers to any external 
stimulus applied to the athlete, whereas the indi-
vidual biological response to this external load is 
called internal load [21, 22]. In football, the for-
mer refers to the quality, quantity, organization, 
and content of physical exercises prescribed by 
the coach, and the latter is of physiological and 
psychological nature.
67.4.2  Biological Response
The external load stimulates a biological response 
and eventually adaptation of the human body’s 
systems. The stimulus for training-induced adap-
tions is the actual physiological stress, i.e., the 
internal load, imposed on the football players by 
the external load [23, 24]. Training results in tem-
porary decrements in physical performance and 
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induces fatigue [25]. These decrements are typi-
cally derived from increased muscle damage, 
impairment of the immune system, imbalances in 
anabolic- catabolic homeostasis, alteration in 
mood, and reduction in neuromuscular function 
[26–32]. Gender differences have not much taken 
into consideration yet since, for example, estro-
gens have been shown to protect against reactive 
oxygen species [33].
The resultant fatigue after a training load can 
take up to 4–5 days to return to baseline values 
after the respective training. This fatigue follows 
a supercompensation phase, whereby the body 
adapts to increase the specific capabilities 
affected by the initial stressor [34]. In sports that 
have frequent training and competition, such as 
football, fatigue may accumulate over time [35].
Periodization was developed with the aim of 
manipulating these adaptive processes and 
effects. Football athletes and coaches push their 
training to the limits by means of volume and 
intensity to maximize their performance. The aim 
of load management is to optimally configure 
training, competition, and other loads to maxi-
mize adaptation and performance with a minimal 
risk of injury [36]. Load management therefore 
comprises the appropriate prescription, monitor-
ing, and adjustment of external and internal 
loads. But limited information exists on the train-
ing dose-response relationship in elite football 
athletes (Fig. 67.2).
67.5  Monitoring Training Load
Warm-up or training programs are created by the 
football coach in amateur and professional foot-
ball and present good and simple influencing 
tools with which the rate for ACL tears can be 
reduced [11, 38]. Coaches therefore have a deci-
sive share of the responsibility to reduce and pre-
vent injuries. A direct connection between any 
certain training program and an increase of ACL 
tears has not been shown, but it is recommended 
to select exercises for the warm-up and training 
in such a manner to not only succeed in matches 
but to prevent injuries. The relationship between 
training programs and health outcomes can be 
discussed by monitoring the training load and 
injury. Assessment of football training load 
involves measuring external and internal loads, 
where tools to measure the former can be general 
or football specific and, for the latter, objective or 
subjective (Fig. 67.3).
67.5.1  Monitoring External Training 
Load
To gain an understanding of external training 
load, a number of tools and technologies are avail-
able to athletes, coaches, and medical staff [21]. 
Measuring single exercises such as lifted weight 







Fig. 67.2 Time course of the restoration process and ath-
lete’s preparedness after a workout according to the super-
compensation theory. After any given sufficient training 
stimulus, an athlete’s preparedness first declines, then 
recovers, and is followed by a supercompensation phase, 
from Zatsiorsky [37]
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quantify power output. Training can be recorded 
to provide information on a number of parame-
ters, including power, speed, and accelerations. 
Time-motion analysis, such as global positioning 
system (GPS) tracking, and movement pattern 
analysis via digital video are popular measuring 
tools. The reliability of GPS for monitoring move-
ment is influenced by factors such as sample rate, 
velocity, and duration and type of task. From the 
available literature, it appears that the higher the 
velocity of movement, the lower the GPS reliabil-
ity [40]. Measures of neuromuscular function 
such as jump tests (squat jump, drop jump), sprint 
performance, and isokinetic and isoinertial dyna-
mometry are often utilized in team sports due to 
the simplicity and minimal amount of fatigue 
induced [41]. To  perform, for instance, a drop 
jump, the athlete drops off a box, hits the ground, 
and immediately jumps vertically as high as pos-
sible at ground contact [42]. Equipment require-
ments may include contact mats, portable or 
non-portable force platforms, and rotatory encod-
ers [21]. Common variables from jump tests 
include mean power, peak velocity, peak force, 
jump height, flight time, contact time, and rate of 
force development [41, 43, 44].
67.5.2  Monitoring Internal Training 
Load
The use of rating of perceived exertion (RPE) is 
based on the notion that an athlete can monitor 
their physiological stress during exercise as well 
as retrospectively provide information regarding 
their perceived effort post training or competition 
[21]. The most commonly used scale is intro-
duced by Gunnar Borg and rates exertion on a 
scale of 6–20. The range is to follow the general 
heart rate of a healthy young adult by multiplying 
by 10. For instance, a perceived exertion of 14 
would be expected to coincide with a heart rate of 
roughly 120 beats per minute. Evidence suggests 
that RPE correlates with heart rate during steady- 
state exercise and high-intensity interval cycling 
training, but not as well during short-duration 
high-intensity soccer drills [45]. RPE is therefore 
often combined with other variables to provide 
additional insights into the internal load experi-
enced by the athlete.
Foster developed the “session rating of per-
ceived exertion” method of quantifying a training 
load unit, which involves multiplying the ath-
lete’s RPE on a 1–10 scale by the duration of the 
session in minutes [46, 47]. This simple method 
has been shown to be valid and reliable, with 
individual correlations between session RPE and 
summated heart rate (HR) zone scores. 
Subsequent research in football training has iden-
tified individual correlations between RPE and 
HR zones [48]. The session RPE method was 
developed to eliminate the need to utilize HR 
monitors or other methods of assessing exercise 
intensity. While the session RPE method may be 
simple, valid, and reliable, the addition of heart 
rate monitoring may aid in understanding some 
of the variance that it does not explain [21].
The use of heart rate monitoring during exer-
cise is based on the linear relationship between 
the heart rate and the rate of oxygen consumption 
during steady-state exercise [49]. Percentage of 
maximum heart rate can be used to monitor 
intensity; heart rate recovery is the rate at which 
heart rate declines at the cessation of exercise and 
is suggested to improve with increased training 
status [50]. Daily variation in heart rate makes 
individual responses and interpretation difficult 
and controlling factors such as hydration, envi-
ronment, and medication important.
Training impulse (TRIMP) is a term coined by 
Eric Banister to describe the exercise dose as a 
single number with an integration of time, inten-
sity, and relative weighting of the intensity of the 




Fig. 67.3 Training outcome is the consequence of inter-
nal training load determined by (1) individual characteris-
tics and (2) quality, quantity, and organization of external 
training load, adapted from Impellizzeri [39]
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exercise [51]. The mean heart rate is weighted 
according to the relationship between heart rate 
and blood lactate as observed during incremental 
exercise and then multiplied by the session dura-
tion. The modeling conducted has focused on 
endurance training and is limited for use in inter-
mittent sports such as football, mainly because 
the use of mean heart rate may not reflect the fluc-
tuations that occur during intermittent exercise.
Psychomotor speed tests are often computer-
ized tests and assess reaction time and rapid 
visual information processing tasks. Overtrained 
athletes regularly report symptoms such as con-
centration problems, cognitive complaints, and 
memory problems [52].
Research in the area of biochemical, hor-
monal, and immunological assessment is limited, 
and no definitive marker to monitor internal load, 
measure fatigue, and minimize excess fatigue has 
been identified as markers have high inter- and 
intraindividual difference and are dependent on 
multiple other factors, such as temperature, 
hydration, environment, diet, and prescribed 
exercise. The most popular measure is blood lac-
tate concentration due to the simplicity of sample 
collection and analysis and is sensitive to changes 
in exercise intensity and duration [53].
Monitoring sleep quality and quantity can be use-
ful for early detection of performance and health 
decrements. Athletes can use diaries to indicate 
hours of sleep and perceived sleep quality. 
Actigraphy, wristwatch devices utilizing accelerom-
etry, may provide more detailed information, such as 
bedtime, wake time, sleep onset latency, wake dur-
ing sleep, sleep efficiency, and sleep routines [21].
67.5.3  Monitoring Athletes
Monitoring athletes may help provide essential 
data to understand the athlete’s response to a pre-
scribed training program, with the goal of mini-
mizing fatigue and injury and examining the 
effectiveness. Monitoring is incorporated differ-
ently, depending on the familiarity of athletes and 
staff with each monitoring tool, but it appears 
self-reported measures and sport-specific perfor-
mance assessment are most commonly used. A 
recent systematic review on internal load moni-
toring concluded that subjective measures were 
more sensitive and consistent than objective mea-
sures in determining acute and chronic changes 
in athlete well-being in response to load [54]. 
However, the nature of load monitoring required 
varies greatly between team sport and individual 
sport athletes. Monitoring in team sports is more 
challenging due to the diverse range of training 
activities and number of players. Athletes usually 
train in groups which leads to the situation that 
the intensity of the training will not be similar to 
all the athletes. Players respond differently to 
given stimuli, and the load required for optimal 
adaptation therefore differs from one athlete to 
another. Team sports like football, in which inter-
individual differences exist, makes prescription 
of training exercises extremely difficult. 
Interindividual adjustments to training therefore 
have to be taken into account. This emphasizes 
the importance of monitoring the individual ath-
lete, rather than the team as an average, as it may 
help to ensure the prescribed load by the coach 
has been applied. Players have to be monitored 
directly, as the coach’s perceptions of the training 
intensity and the athlete evaluation of the training 
load might not always be the same. Heinsoo et al. 
could demonstrate differences between the 
 perception of training intensity in adolescent 
cross- country skiers and coaches with a 10-point 
intensity scale. Further, the measurement of cog-
nitive performance and “cognitive load” that 
influences decision making is important and 
poses many challenges for accurate assessment.
67.6  Training Load and Injury 
Risk
In football, players may participate in 50–80 
games during a season. In many European top 
leagues, top teams compete in two games per 
week during several periods within a season [55]. 
During these congested periods, players have 
only 3–4 days of recovery between successive 
international and national games, which may be 
insufficient to restore normal homeostasis [27, 
56]. Without sufficient regeneration after a 
match, players will begin their next match with a 
certain amount of fatigue with the potential of 
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causing performance impairment and injuries in 
the short and long term [57–59].
67.6.1  Absolute Training Load 
and Injury Risk
The majority of studies on the relationship 
between training load and injury risk in team 
sport have used assessment of absolute load, irre-
spective of the present or past rate of load applica-
tion. Absolute training load is the total of all 
training sessions performed within a specified 
period, such as a single day or 1 week. Both low 
and very high acute training loads have been asso-
ciated with increased risk of injury in Australian 
football, rugby union, and football [60–65].
Owen monitored maximal heart rate of 23 
elite-level professional football players over two 
consecutive seasons and found significant corre-
lations between training volume and injury inci-
dence [66]. Further analysis revealed how players 
achieving more time in zones of maximal heart 
rate of >90% increased the odds of sustaining a 
match injury but did not for sustaining a training 
injury. The studies associating low absolute loads 
with an increased risk of injury suggest the find-
ing the players are not prepared enough for the 
training and match volume and intensity.
Gabbet proposed the idea of a player’s thresh-
old, i.e., the amount of training load that could be 
sustained before an injury occurred [64]. He sug-
gested this threshold decreased during the sea-
son, potentially as players became fatigued when 
compared to preseason thresholds. In this sense, 
low acute training loads may be beneficial for 
players, as some studies indicate. At present 
knowledge, moderate-to-high workloads can 
protect best against injury [67].
67.6.2  Relative Training Load 
and Injury Risk
Series completed in cricket, rugby league, and 
Australian football have shown that if an athlete’s 
training and playing load for a given week (acute 
load) spikes above the chronic load over the past 
4 weeks in average, they are more likely to be 
injured [68]. The findings demonstrate a strong 
predictive relationship between acute-chronic 
load ratio and injury likelihood. In the elite team 
setting, quantifying the loads the athlete’s staff is 
expecting may help in the return-to-play decision 
(Fig. 67.4).
Training loads can be achieved in multiple dif-
ferent ways. Volume, intensity, frequency, and 
training content are unlikely to carry all the iden-
tical injury risk. Further research has to elaborate 
which type of high training load may be an 
important predictor of injury or injury protecting 
factor.
Fact Box
• High absolute training loads are associ-
ated with greater injury risk.













Fig. 67.4 Acute-chronic workload ratio and likelihood of 
subsequent injury from studies of three different sports. 
The data indicates that if an athlete’s training and playing 
load for a given week (acute load) spikes above the 
chronic load over the past 4 weeks in average, they are 
more likely to be injured, adapted from Blanch P, Gabbett 
TJ [68]
Fact Box
• The ratio of acute to chronic training 
load is a better predictor of injury than 
acute or chronic loads in isolation.
• To minimize the risk of injury, do not 
exceed weekly load increases 
dramatically.
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67.6.3  Training Load and Match 
Injury Risk
No evidence has yet been established to show a 
link between training content and injury risk in 
matches in football. For amateur players, little 
evidence exist to prove this question as data 
acquirement has been shown difficult with non-
professional players. Further research may 
answer these questions with the help of data-
bases, for example, national and international 
ACL injury registers.
Take-Home Message
There is limited evidence at present on training 
load and injury risk in football. High absolute 
training loads are associated with greater injury 
risk while moderate-to-high workloads can protect 
best against injury at current knowledge. Here, the 
ratio of acute to chronic training load is a better 
predictor of injury than acute or chronic loads in 
isolation. Therefore, to minimize the risk of injury, 
weekly load should not increase dramatically. 
More research in the future has to elaborate and 
identify risk factors associated with training load.
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68.1  Background
The Oslo Sports Trauma Research Center was 
established at the Norwegian School of Sport 
Sciences in May 2000 as a research collaboration 
between the Department of Orthopaedic Surgery, 
Oslo University Hospital, Ullevaal, and the 
Department of Sports Medicine, Norwegian 
School of Sport Sciences, based on grants from the 
Royal Norwegian Ministry of Culture, the 
Norwegian Olympic and Paralympic Committee, 
and the Confederation of Sports and Pfizer 
AS. Since 2005, the activity has been expanded 
based on a grant from the Eastern Norway Regional 
Health Authority as well as multiple project grants. 
The main objective has been to develop a long-
term research program on sports injury prevention 
(including studies on epidemiology, risk factors, 
injury mechanisms, and interventions). The pro-
gram focuses mainly on three sports (football, 
team handball, and alpine skiing/snowboarding), 
as these account for more than 50% of all sports-
related injuries treated in Norwegian hospitals. We 
have addressed the most common (e.g., ankle, 
hamstrings) and the most serious (e.g., ACL, con-
cussions) injuries seen in these sports. The Oslo 
Sports Trauma Research Center has aimed to take 
advantage of novel methodology to identify and 
rigorously test new methods to prevent injuries, 
with a particular focus on children and youth 
sports. We have also applied the approach we used 
to reduce “acute injuries” (i.e., lower limb acute 
injuries) to the societal problem of overuse injuries 
(such as repetitive strain injuries of tendons). The 
emphasis has not only been on the production of 
new knowledge but also the translation of research 
findings into improvements in the health of 
Norwegian athletes and the Norwegian healthcare 
system. In 2009, the Oslo Sports Trauma Research 
Center was inaugurated as a FIFA Medical Center 
of Excellence and also selected as one of four IOC 
Research Center for Prevention of Injury and 
Protection of Athlete Health.
In Table 68.1, selected intervention studies 
conducted by the OSTRC team are summarized.
T.E. Andersen, M.D., Ph.D. (*) •  
J. Bjørneboe, M.D., Ph.D.
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Prior to the 1999 handball season, a neuromuscu-
lar training program was implemented in female 
handball in order to reduce the risk of anterior 
cruciate ligament (ACL) injuries [1]. A pre-/
post- intervention design was implemented, 
where the 1998 season served as baseline and the 
intervention program was included in the two 
subsequent seasons and served as intervention 
seasons. The 15-min program constituted of neu-
romuscular training with increasing difficulty in 
order to increase knee control and awareness. 
Three sets of exercises, one on the floor, one on a 
balance mat, and one on a wobble board, were 
included. The players were assigned to conduct 
the intervention program three times a week for 
5–7 weeks and then once a week for the rest of 
the season. The authors found a reduced risk of 
ACL injuries in the elite division; no overall dif-
ference was detected, but a large per-protocol 
effect was found [1].
Table 68.1 Summary of the injury intervention studies from the Oslo Sports Trauma Research Center (OSTRC)
Reference Sport N Study design Preventive measure Main finding
Myklebust et al. [1] Handball 170 Prospective 
cohort study
Neuromuscular training No overall reduction of 
ACL injuries, reduction 
in ACL injuries in elite 
players
Olsen et al. [2] Handball 1837 RCT Warm-up program Reduction in ACL injuries
Andersson et al. [3] Handball 660 RCT Exercise program 28% lower risk of 
shoulder problems and 
22% lower risk of 
substantial shoulder 
problems
Árnason et al. [4] Football 271 RCT Video-based awareness 
program
No difference in injury 
risk






Reduced risk of 
hamstring injuries in the 
Nordic hamstring group
No difference in the 
flexibility group
Engebretsen et al. [6] Football 525 RCT Neuromuscular training
Nordic hamstring
Groin strength training
No difference in injury 
risk
Steffen et al. [7] Football 2100 RCT Neuromuscular training
Strength training
No difference in injury 
risk
Soligard et al. [8] Football 1892 RCT Warm-up program Reduction in overall, 
severe, and overuse 
injuries
Bjørneboe et al. [9] Football 32 teams Prospective 
cohort study
Stricter rule enforcement Reduction in arm-to-head 
incidents. No difference 
in injury risk
Rønning et al. [10] Snowboard 5029 Prospective 
cohort study
Wrist protection Reduction in wrist 
injuries
Visnes et al. [11] Volleyball 29 RCT Eccentric training 
program




• Neuromuscular training reduces the risk 
of injury in adolescent handball with 
approximately 50%.
• A structured shoulder program reduced 
the prevalence of shoulder injuries with 
28% in female and male elite handball.
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Based on these findings, and the conviction 
that injuries are preventable, a cluster random-
ized controlled trial introduced a structured 
warm-up program in adolescent handball for 
8 months in the 2002–2003 season [2]. The pro-
gram included running exercises, cutting and 
planting technique, landing technique, balance 
training, and strength training. The risk of injury 
was almost halved in the intervention group [2].
Studies have showed that the prevalence of 
shoulder injuries is high in throwing sports, 
including handball. Based on the understanding 
of risk factors, a cluster randomized controlled 
trial was conducted in female and male elite 
handball [3]. The intervention program aimed to 
increase the internal rotation in the glenohumeral 
joint, external rotation strength, and scapular 
muscle strength. In addition, it sought to improve 
the kinetic chain and thoracic mobility. The pro-
gram was conducted three times per week as part 
of the warm-up program. The overall prevalence 
of shoulder problems was reduced by 28% in the 
intervention group; the substantial shoulder 
injury prevalence was reduced by 22%.
68.3  Football
The first injury prevention study in football from 
the OSTRC was conducted in the 2000 season 
[4]. In order to reduce the risk of injury, players 
were informed about the injury risk and injury 
mechanisms, and the players were assigned to 
develop strategies to avoid situations with a high 
injury risk. Based on previous studies, a 15-min 
presentation with information regarding the risk 
of injury and injury mechanisms was presented to 
seven intervention teams. The players then 
worked in pairs to develop prevention strategies. 
Injuries were collected prospectively during the 
2000 season and compared with a control group. 
The control group was not informed about either 
the risk or the mechanisms of injury. The authors 
were not able to detect any differences in injury 
incident between the groups [4].
The rate of hamstring injuries in football is 
high; thus, hamstring injuries have been the 
focus of several prevention studies. A study 
group at OSTRC [12] found that a 10-week 
training program with Nordic hamstrings 
(eccentric training) was more effective in 
increasing eccentric hamstring strength, the 
hamstrings/quadriceps strength ratio, and iso-
metric hamstring strength, than traditional ham-
string curl training (concentric training). The 
authors therefore suggested that performing 
Nordic hamstring (NH) regularly might prevent 
injuries. Thus, a study evaluating the injury pre-
ventive effect of NH was conducted [5]. In a 
prospective study in Norwegian and Icelandic 
football, two seasons served as baseline, while 
intervention programs consisting of warm-up 
stretching, flexibility, and/or eccentric strength 
training were introduced for (elite) teams in the 
Icelandic elite division. During the intervention 
seasons, 48% of the teams used the intervention 
programs. They found that the  incidence of 
hamstring injuries was lower in teams who used 
Nordic hamstring combined with warm-up 
stretching compared to the Norwegian teams in 
the control group and compared to baseline sea-
sons. No difference was found when performing 
flexibility training alone [5].
In 2004, a study aimed to identify amateur 
players with an increased risk of injury based on 
injury history and reduced function through a 
questionnaire [6]. The players identified as hav-
ing a high risk of injury were randomized to an 
intervention group or a control group. The play-
ers in the intervention group were provided with 
an exercise program based on their injury history 
and asked to complete it three times a week for 
10 weeks during preseason. The screening was 
able to identify the players with an increased risk 
of injury through the questionnaire; however, 
they found no effect of the intervention program 
on the risk of injury [6]. It should be noted though 
that compliance was low, with less than 30% of 
the players at risk completing their prescribed 
training programs.
The Oslo Sports Trauma Research Center and 
FIFA collaborated to develop “The FIFA 11” to 
prevent injuries in football. The effect of this pro-
gram was evaluated through a large cluster ran-
domized controlled intervention study including 
over 2000 female adolescent football players in 
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2005, in order to reduce the overall risk of injury. 
The intervention group performed the “The FIFA 
11” injury prevention program, which included 
neuromuscular training, lower extremity strength, 
agility, and core stability throughout the season. 
No significant difference between the interven-
tion group and control group was observed. 
However, a compliance study found that only 
52% of the intervention teams conducted the pro-
gram as planned. It should also be noted that a 
per-protocol analysis found no significant differ-
ence in injury risk between the clubs with high 
and low compliance [7].
Then OSTRC and FIFA decided to improve 
the content of “The FIFA 11” to achieve both bet-
ter preventive effect and better adherence to the 
program and hence developed “The 11+.” We 
improved the program by introducing not only 
evidence-based strength exercises but also imple-
mented best practice warm-up exercises known 
from and used by top-level clubs and academies. 
This revised program was named “The 11+” with 
a focus on core stability, neuromuscular control, 
balance, hip control, and knee alignment avoid-
ing knee valgus during both static and dynamic 
movements and was conducted in 2007 [8]. It 
also included strength exercises, such as the 
“Nordic hamstring lower,” which has been shown 
to increase eccentric hamstring muscle strength 
and decrease the rate of hamstring injuries [5, 
12]. In addition, “The 11+” included both partner 
exercises, variation, and progression in order to 
increase the compliance. In addition, new run-
ning exercises were included to make “The 11+” 
suited as a warm-up program for both training 
and match. The exercises included in the two pro-
grams are found in Figs. 68.1 and 68.2. A recent 
systematic review from Thorborg et al. [13] 
found that the “FIFA 11” had no significant effect 
on injury risk. However, “The 11+” reduced the 
risk of injury with 39% when pooling results 
from four different RCTs in different cohorts.
The intervention group conducting “The 11+” 
reduced the overall risk of injury and severe inju-
ries by 32% and 45%, respectively. “The 11+” 
had a higher compliance compared to “11”, and 
players with high compliance had a lower risk of 
injury compared to the group with intermediate 
compliance [14]. The effectiveness of “The 11+” 
has later been evaluated in other cohorts, with 
similar effect on injury reduction [15–17].
Since the 2000 season injuries in Norwegian 
professional football have been recorded by 
OSTRC, throughout this continuously injury 
recording system, it was detected that the injury 
incidence increased over a 10-year period [18]. 
Thus, a video analysis comparing incidents with 
a high risk of injuries between the 2000 and 2010 
season was conducted. This study found an 
increased risk of high-risk incidents in the 2010 
season [19]. During the fall of 2010, the Football 
Association of Norway (NFF) and the Norwegian 
Professional League Association (NTF) met with 
the project group from the Oslo Sports Trauma 
Research Center (OSTRC) and members of FIFA 
Medical Committee to discuss the implementa-
tion of stricter rule enforcement in 2011 in the 
Norwegian male professional league 
(Tippeligaen). This involved sanctioning of two- 
foot tackles as well as tackles with excessive 
force and intentional high elbow with an auto-
matic red card. The plans for stricter rule enforce-
ment were introduced to each of the teams in 
meetings with professional league referees 
appointed for the 2011 season. No significant dif-
ference in the overall rate of high-risk incidents 
or injury incidence was found after the imple-
mentation of stricter rule enforcement. However, 
we found a reduced frequency of contact head 
Fact Box 2
• The 11+ reduces football injuries with 
39% in female and male adolescent and 
senior football.
• The Nordic hamstrings exercise pro-
gram lowers and reduces the risk of 
hamstring injuries in male football.
T.E. Andersen and J. Bjørneboe
pieter.orthopedie@gmail.com
889
incidents and subsequently a lower incidence of 
arm-to-head contact incidents after the imple-
mentation of stricter rule enforcement [9].
68.4  Other Sports
Wrist injuries are common among snowboarders; 
thus, wrist protectors have been developed in 
order to reduce the risk of injury. A team from 
OSTRC conducted a prospective, randomized, 
clinical study where the use of such wrist 
 protectors was evaluated [10]. Snowboarders 
were randomized to either protection group or 
control group when arriving at the ski resort. All 
injuries were recorded at the end of the day at the 
resort. They found a significant reduction of wrist 
injuries in the group using wrist protectors [10].
Patellar tendinopathy is a major problem in 
volleyball. Thus, a RCT including players with 
patellar tendinopathy from male and female elite 
volleyball teams in Norway was conducted [11]. 
Players were randomized to a 12-week interven-
tion eccentric training program or control group. 
The authors were not able to detect any signifi-
cant difference in knee function after the 12-week 
training period or at follow-up at 6 weeks and 
6 months [11].
FIFA 11 prevention programme




Chest pass in single-leg stance
Forward bend in single-leg stance
Figure-of-eights in single-leg stance
2 × 15 s each side
3 × 15 s each side
3 × 15 s each side
3 × 15 s each side
Line jumps 15 jumps of each type
Zigzag shuffle (20 m) 2 reps in each direction
Bounding (20m) 3 × 10−15 jumps
Sideways bench
4 × 15 s 2 reps
2 × 15 s each side








FIFA 11+ prevention programme
20 min duration in total after familiarization
Exercises
Running, straight ahead
2 repsRunning, hip out
2 repsRunning, hip in
2 repsRunning, circling
2 repsRunning and jumping
2 repsRunning, quick run
The plank (The bench):
Level 1: both legs
Level 2: alternate legs
Level 3: one leg lift
Level 1: static
Level 2: dynamic
Level 3: with leg lift
3 × 20−30 s
3 × 20−30 s
3 × 20−30 s
3 × 20−30 s each side
3 × 20−30 s each side
3 × 20−30 s each side
Side plank (Sideways bench):
Level 1: holding ball
Level 2: throwing ball with pertner
Level 3: testing partner
2 × 30 s each leg
2 × 30 s each leg
2 × 30 s each leg
Single leg balance:
Level 1: with heels raised
Level 2: walking lunges
Level 3: one leg squats
2 × 30 s
2 × 30 s
2 × 10 s each leg
Squats:
Level 1: vertical jumps
Level 2: lateral jumps
Level 3: box jumps
2 × 30 s
2 × 30 s


















Fig. 68.1 Characteristics and differences of the FIFA 11 and the 11+ (with permission from Kristian Thorborg)
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68.5  New Research Methodology
In 2006, FIFA Medical Committee hosted a 
group of experts involved in the study of foot-
ball injuries. The result was a consensus state-
ment that aimed at establishing definitions and 
methodology, implementation, and reporting 
standards for studies of injuries in football [20]. 
Fig. 68.2 The FIFA 11+ injury prevention program
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The consensus statement defines an injury as 
“any physical complaint sustained by a player 
that results from a football match or football 
training,” irrespective of the need of medical 
attention or time loss from football activity. An 
injury that results in a player being unable to 
take a full part in future football training or 
match is referred to as a “time-loss” injury; an 
injury that results in a player receiving medical 
attention is referred to as a “medical-attention” 
injury [20]. After the consensus article, most 
studies evaluating the risk of injury both in foot-
ball and other sports have used a “time-loss” 
definition. However, a significant proportion of 
overuse injuries do not lead to time loss from 
sports participation; players often continue 
training and playing matches even when limited 
by pain and reduced function. Thus, overuse 
injuries are therefore underestimated in most 
injury surveillance studies [21]. Based on these 
observations, OSTRC developed and validated 
a new overuse injury questionnaire, where the 
athletes on a weekly basis registered problems 
that were suffered [22]. They found that of 419 
recorded overuse problems resulting in reduced 
performance or participation, however, only 142 
(34%) resulted in absence from activity. 
However, no such studies targeting specifically 
overuse injuries have been conducted in foot-
ball; thus, the prevalence of playing with pain, 
reduced function, and performance limitations 
has not been explored fully in football. Thus, no 
injury preventive measures have aimed to 
reduce the prevalence of overuse injuries in 
football.
Take-Home Message
Implementation of prevention exercises dem-
onstrated successful decrease of injury as 
shown in multiple RCTs. “The 11+! reduces the 
risk of injury by one third and severe injury by 
as much as one half in female football. Future 
studies and initiatives should focus on the dis-
semination of preventive measures to athletes, 
coaches, and key stakeholders within the sport-
ing community.
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69.1  Introduction
Goalkeepers represent an important and unique 
part of a football team. It is the only position that 
has the advantage to touch the ball with the hand 
inside the penalty box. Moreover, goalkeepers 
have not only the challenge to prevent the own 
team from conceding a goal, but in modern 
 football, they are also responsible to start the 
offensive attacks. Goalkeepers show conse-
quently specific requirement on technical and 
tactical skills in football, which were developed 
and increasing in the last years. Depending on 
these specific requirements on the goalkeepers in 
football, a specific injury profile results during 
match and training. The “Medline” search about 
goalkeeping topics in football and the influence 
on injuries showed weak evidence and a low rate 
of publications, particularly regarding injury pre-
vention and return to play process after injuries in 
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football goalkeepers [1–3]. To understand and 
practise a goalkeeping-specific RTP after inju-
ries, a multidisciplinary approach with inclusion 
of medical staff, football coaches, goalkeepers 
and goalkeeping coaches is necessary.
69.2  Sport-Specific Requirements 
on Goalkeepers in Football
69.2.1  Physical Requirements
The primary duty of a goalkeeper in football is 
the prevention to conceding a goal. In modern 
football, the function for goalkeepers’ activities 
is principally not restricted. To satisfy the main 
requirements of the goalkeeping position, it is 
necessary for a goalkeeper to dominate the pen-
alty box. The latest developments of modern 
goalkeepers show also the necessity for excellent 
skills outside of the penalty box, which includes 
technical skills with the ball like shooting, pass-
ing and stopping the ball with the dominant and 
non-dominant leg, but also in substitute defend-
ers in specific tactical situations [4]. The goal-
keepers’ duties during match and training result 
in specific physical requirements and sufficient 
preparations. Basic physical requirements in gen-
eral are strength and speed and particularly reac-
tion skills. The goalkeeper has to be trained in all 
skills as sufficient as outfielders [4]. To achieve 
the additional and specific skills, which are 
essential for a successful goalkeeping perfor-
mance, it is essential to perform a specific goal-
keeping training as add on. For this training, a 
high percentage of football teams in professional 
and amateur football have a goalkeeping coach 
with own experiences as goalkeeper. In these 
add-on trainings, the goalkeepers and their goal-
keeping coaches perform also preventive aspects 
to reduce injuries or to integrate injured goal-
keeper into the team training.
The body proportions of football goalkeepers 
show in general significant differences compared 
with outfield players. Goalkeepers are in all age 
groups the tallest and heaviest players of a team 
[5, 6], and the discrimination to outfielders is get-
ting higher in elite football [7]. An adequate body 
height is useful in catching high shoots or in con-
trolling the penalty box in case of flanks. Thus, a 
low height or other weak anatomical body pro-
portions are principally not an exclusion criteria 
for getting a goalkeeper, but otherwise they are 
useful to have success. In modern elite and pro-
fessional football exists a screening system for 
junior football that includes mainly football goal-
keepers with a superior height. In part, it is com-
mon in youth elite centres to welcome only junior 
goalkeeper to their teams, if parents and player 
allow a medical examination regarding height 
expectations as adults, which sometimes includes 
a radiograph or MRI examination of the epiphy-
seal plate of the distal radius [8].
The typical requirements of goalkeeper result 
also in different muscular requirements, which 
have been measured in studies on specific blood 
marker as a sign of muscle damage [5]. Thus, 
goalkeepers present well-trained muscles around 
the lower extremity and the peak torque in exten-
sor and flexor muscles of the thigh and superior-
ity compared with other positions [9]. The 
running abilities in goalkeepers show generally 
different profiles compared to outfielders and 
superiorities in short sprints [10], explosive 
movements and fast agility runs [6]. Goalkeepers 
of higher skill levels show superiorities in speed 
and reaction movements for short distances as 
typical goalkeeper requirement during matches 
[11] but also superiorities in testings like Yo-Yo 
endurance test, squat jumps, countermovement 
jumps and sprint and agility tests compared to 
outfield positions [7]. The overall activity dis-
tance of a goalkeeper during matches depends 
also on the skill level and is in professional 
 football approximately 5.5–5.6 km per match, 
mainly performed as walking and jogging activ-
ity. Activities with higher speed showed a high 
variance in the goalkeepers and depend on indi-
vidual skills and tactics. The high-intensity runs 
are a mean of 56 m per match and sprints of 11 m. 
Low-intensity walking represents 73% of goal-
keepers’ activity during matches, while high- 
intensity movements represent 2% of all 
activities. The first and second half show similar 
activity distances [12, 13]. The speed and reac-
tion of goalkeepers is also a decision for football 
coaches to choose their first goalkeeper in a team. 
The goalkeeper with better reaction and speed 
V. Krutsch et al.
pieter.orthopedie@gmail.com
895
tests is more frequently chosen as first goalkeeper 
of a team, than the goalkeeper with weaker results 
[14]. Body strength, particularly the trunk, is also 
essential for goalkeepers, because body contacts 
of other players in the penalty box occur fre-
quently, and to tolerate these contacts without 
injury or ball loss, a well-trained trunk stability is 
necessary [15]. The controlled and uncontrolled 
diving performance of football goalkeeper shows 
also a typical situation, where goalkeeper needs 
trunk controlling and a well-coordinated body 
activation, but this also represents a situation for 
potential injuries [16]. Nevertheless, well- 
developed techniques of typical goalkeeping 
skills such as catching, saving and throwing the 
ball are necessary, as well as positional play [17]. 
Good skilled and frequently trained catching 
techniques are essential to prepare the hand for 
incoming forces of a powerfully kicked ball. The 
downfall, landing and rolling up techniques after 
jumps and diving are essential and need frequent 
training performance over many years. 
Goalkeepers are trained to protect their body 
against contacts and fouls of other players on the 
field and are highly prepared for landing tech-
niques on all localisations of the body. 
Additionally, to the specific movements and 
duties on field, goalkeepers learn and train to 
save the ball after a shoot with every single body 
part. The main aim of all football goalkeepers is 
to protect the goal with their hands and feet, but 
if the shoots come from a short distance, all other 
body parts may need to be in use. In contrast to 
hands and feet, other body parts are more vulner-
able against the ball and shoots with high energy. 
These body parts are the head and neck and the 
abdomen and pelvis. In these body regions, hard 
shoots may result in injuries [18].
Other necessary skills are visual search and 
anticipation. Particularly the anticipation of 
movements and actions of other players of the 
own or the opponent team are one essential part 
for a goalkeeper, which decides about the suc-
cess of the goalkeeper and their team. These 
skills have been trained during the career as 
football goalkeepers, but should be renewed, if a 
longer time out period in football occurs, typi-
cally after injuries [19–21]. Also, one-on-one 
duels are for goalkeeper important situations, 
where specific perceptions of the individual 
goalkeepers’ audio- visual system are decisive 
for success [22].
69.2.2  Psychological Requirements
Football goalkeepers present specific mental 
skills during match and training. The typical situ-
ations with high necessity of concentration and 
psychological pressure on the goalkeeper during 
competition are, for instance, penalty kicks, free 
kicks and corner kicks [23–27]. A high demand 
on goalkeeper is to keep concentrated over the 
complete match and training, without continu-
ously being involved in all match situations. 
Typical other psychological skills are high moti-
vation, durability against external psychological 
pressure and durability against fear for making 
errors. Additional mental skills are, general confi-
dence and the transmission of this to other players 
on field, skills to guide the other players on the 
field, to have an overview on the complete match 
and to keep cool or aggressive, as match situations 
indicate. The situation of goalkeepers to be the 
“last man standing” results in a specifically skilled 
and demanded player on the field. Goalkeepers 
encounter several situations per match, where 
they are one-on- one against opponent players. 
The goalkeeper should support other players of 
the team but must in a few situations accept that 
they have to manage the situation on their own. 
The mid- and long-term results of these specific 
psychological situations can produce periods of 
depression  during a goalkeeper’s football career. 
The problem is that psychological problems may 
be misdiagnosed and insufficiently treated. The 
scientific literature has reported about depression 
in football goalkeepers and resulting in cata-
strophic outcome and even suicides [28, 29].
69.2.3  Influence of Match Rules 
in Football
Goalkeepers are protected inside the penalty by 
the match laws. No other player is allowed to 
attack the goalkeeper when they are in control or 
possession of the ball. The goalkeeper is in 
69 Special Considerations of Return to Play in Football Goalkeepers
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 control of the ball while the ball is between his 
hands or between his hands or any surface, while 
holding the ball in his outstretched open hand and 
while in the act of bouncing it on the ground or 
tossing it into the air. Additionally it is an offence 
by the laws when the goalkeeper is restricted in 
the movement by unfairly impeding by an oppo-
nent player [30]. Unfortunately, there are cases, 
for example, at a corner kick or long passes where 
the goalkeeper gets into unexpected collisions 
with the opponent player. The striker is focused 
on the ball and may not note the position of the 
goalkeeper. These situations lead to a high injury 
risk for the goalkeeper.
69.3  Specific Injury Profile 
in Football Goalkeepers
Goalkeepers have a specific injury profile, which 
is different from players in other positions on the 
football field. The goalkeeping position is fre-
quently used as reference mark for the calcula-
tion of injury risks in different positions [31, 32]. 
The goalkeeper position represents in these cal-
culations as “1.0”, and other positions show a 
generally higher-risk like outfielders with a risk 
between 1.45 and 1.7 [31–34]. Goalkeepers in 
professional football show higher injury rates 
than amateur goalkeepers [35]. Generally, the 
frequent hamstring injuries in football are not a 
goalkeeper’ problem [34]. Joint injuries of the 
lower extremity [32, 36] and injuries of the upper 
extremity are the most frequent injuries in foot-
ball goalkeeper [32, 37]. The majority of goal-
keeper injuries occur as non-contact injury.
69.3.1  Injuries to the Upper 
Extremity
Goalkeepers have a special risk for injuries to the 
upper extremity [1]. Specific injury analysis 
related to football goalkeepers in football are rare 
[1–3], and the most information about goalkeep-
ers’ injuries in football are present as secondary 
to the results about football players in general, 
irrespective of the position. Studies have shown 
that most injuries in football players are to the 
lower extremity [38–40]. The position of the 
goalkeeper has a five times higher risk for inju-
ries of the upper extremity compared with out-
field players [37]. Injuries to the upper extremity 
in goalkeepers are between 3 and 23% [37, 39, 
41]. Particularly, the fingers and the hand are at 
risk [18, 37, 42]. Injury mechanism for injuries to 
the hand and fingers occurs mainly as contact 
injury or due to landing from a fall [43]. The lon-
gest lay-off times are related to rotator cuff tear 
with a mean of 144 days and dislocation of the 
shoulder with a mean of 100 days [37]. Shoulder 
injuries usually lead to longer lay-off period than 
elbow injuries or hand injuries.
69.3.1.1  Hand and Wrist Injuries
The hand and fingers with their multiple small 
bones, joints, ligaments and tendons are the bio-
logical working equipment of football goal-
keeper. The contact with the ball, sometimes 
accidentally with the teammate or the opponent 
player, is the reason for injury mechanism on the 
hands [44]. The contact of high ball forces with 
the fingers may result in hyperextension or axial 
trauma to the fingertip [41, 45, 46]. This may 
lead to sprain of the small joints; rupture of joint 
capsule, ligaments and tendons; or even joint 
dislocation or fractures. Finger joint sprains are 
the most common injuries and they result in par-
tial or complete rupture of the capsule [1, 47, 
48]. Dislocation of a finger is the second most 
common injury, mainly the proximal interpha-
langeal joint handoff the fifth finger. This can 
lead to capsular injury or an injury to the collat-
eral ligaments [44, 47]. Finger fractures are 
the most common fractures in goalkeepers. 
The injury mechanism is twisting or bending the 
Fact Box 1
• Football goalkeepers represent unique 
and specific physical and psychological 
requirements on the field, with improved 
technical skill in the last years.
• Match rules, specific duties and separate 
goalkeeping coach make the goalkeeper 
position special in football, with special 
demands on medical issues.
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involved fingers [44]. If the keeper tries to safe 
the ball with both hands and stretched arms, the 
fingers and hand are in risk of a trauma against 
the shoe or foot of opponent players. Especially 
the metacarpal bones of the hand are at risk [18]. 
In general, the index, middle and ring finger are 
most frequently injured when the goalkeeper 
tries to catch or safe the ball, because they absorb 
the main part of the impacted forces with or 
without correct catching technique [18]. Even 
using correct catching technique, the fingers 
may suffer great forces, and impacts on the prox-
imal phalanx of the thumb may result in sublux-
ation of the metacarpophalangeal joint with 
rupture of the ulnar collateral ligament (UCL) or 
fracture of the first metacarpal bone. This injury 
combination is called “goalkeepers thumb” [18, 
49]. Thus, kicks and hits on the hand represent 
the most frequent injury mechanism with par-
ticular risk for the thumb, index finger and little 
finger [50].
Additional to injuries of the hand and fingers, 
injuries to the wrist and forearm with the same 
injury mechanism as described for the finger 
injuries are common. Also, fractures such as 
scaphoid bone fractures with long-term compli-
cations like scaphoid pseudarthrosis are not 
uncommon [18, 46]. Distal radius fractures are 
also relatively frequent in football goalkeepers 
[46, 51]. The mean lay-off after hand injuries var-
ies markedly. Some injuries on the fingers do not 
lead to any lay-off. They lay-off for metacarpal 
fractures is reported as approximately 55 days 
and finger fractures 26 days [37].
69.3.1.2  Shoulder
The shoulders and arms are one of the most 
stressed body regions in goalkeepers [2]. The 
goalkeeper has a higher risk for a shoulder injury 
than players in other positions on the field. 
Typical trauma mechanisms are the downfall 
after a jump directly on the shoulder or on the 
elbow or hyperextension and overstretched arm 
by holding a shoot. These mechanisms may result 
in acute dislocations of the glenohumeral joint, 
AC joint tear, capsule and ligament ruptures of 
the shoulder or a rupture of the rotator cuff [37]. 
The injury severity measured by lay-off time is as 
follows, published by Ekstrand et al. (2013) for 
elite football players [37]:
 1. Rotator cuff tear (144 days out in football)
 2. Shoulder dislocation (100 days out in 
football)
 3. AC joint dislocation (42 days out in football)
 4. AC joint sprain (25 days out in football)
A spontaneous rupture of the extensor pollicis 
longus tendon in a professional youth football 
goalkeeper may be reported as partial musculo-
tendinous rupture of the distal biceps brachii or 
as an isolated rupture of the teres major muscle 
[48, 52, 53]. Other rare injuries are bilateral stress 
fractures of the carpal scaphoid in a junior goal-
keeper [54], multiple simultaneous bilateral mal-
let fingers of the three and four fingers [1] or a 
simultaneous double interphalangeal dislocation 
of one single finger, when an outfielder trots on 
the little finger [55].
Other rare cases are a true aneurysm of ulnar 
artery after goalkeeping activity [56] or an iso-
lated latissimus dorsi tear [57]. Special risks in 
football are lime burns or allergic reactions as a 
result of chemical substance on the football field.
69.3.2  Injuries to the Trunk and Head
Injuries to the trunk and head are less frequent in 
football players compared with injuries of the 
extremities, especially in goalkeepers [39, 40, 58, 
59]. However, these injuries may result in severe 
consequences, particularly after head trauma [60, 
61] with neurological and neuropsychological 
sequelae [62, 63]. Goalkeepers are frequently 
exposed to situations, with consequently injuries 
like concussions or facial injuries [64, 65]. 
Mainly elbow-to-head or head-to-head trauma is 
the injury mechanism [62, 64, 66, 67]. The most 
frequent injuries of head injuries are contusions 
and lacerations. Care must be taken after a hit on 
the head to recognise symptoms of concussion or 
mild traumatic brain injuries and not to overlook 
injuries to the cervical spine [67, 68]. Cervical 
spine injuries are potentially accompanied with 
severe neurological outcome [69]. Besides the 
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brain injuries and the neurological consequences, 
also midfacial fractures like nasal bone, orbital 
floor, zygomatic bone and zygomatic arch frac-
tures, as well as mandible fractures or fractures 
of the teeth, are possible as a result of direct con-
tact to the opponent [65]. These fracture types 
can lead in individual cases to permanent changes 
of the facial appearance and functional disorders 
in breathing, vision, smelling and sensation [70, 
71]. Injuries to the skull base with liquorrhea, 
anosmia, vision disorders, meningitis or intrace-
rebral haemorrhage are rare [70, 72].
Injuries to the trunk occur also mainly in the 
duels in the penalty box. The typical injuries are 
contusions of the abdomen or thorax by elbows 
and knees of other players and contusions on the 
spine during downfall after a jump. Severe inju-
ries on the trunk in goalkeepers are fractures on 
the ribs or vertebral bodies of the spine. Another 
serious injury is caused by the ball, shot on the 
goalkeepers’ abdomen form a short distance. The 
potential consequences are in rare cases a splenic 
rupture or other injuries to the abdomen [73]. The 
majority of goalkeepers learn specific techniques 
to protect their head and the trunk against impact 
of the ball and other players.
69.3.3  Injuries to the Lower 
Extremity
Goalkeepers have similar injury mechanism for 
injuries to the lower extremity compared with 
other players but with lower frequency. Beside the 
typical injuries of football players and other team 
sports like ankle sprains, muscle strains, meniscus 
lesions or ACL ruptures, goalkeepers also sustain 
other rare but typical injuries. Because of the 
jumping and landing movements of a goalkeeper 
in football, landing on knees and hips are common 
and may lead to contusions and skin abrasions as 
a result of the diving [3, 74, 75]. One typical 
intraarticular knee injury in football goalkeepers 
is the PCL injury by direct contact of the proximal 
tibia plateau. During uncontrolled landing, a hard 
hit on the tibia plateau may result in PCL ruptures 
[59]. Other intraarticular joint injuries frequently 
encountered in goalkeepers are ankle sprains and 
typically as non-contact injury [36]. Contact inju-
ries occur particularly to the hips and mainly dur-
ing diving movements to catch the ball. While the 
injury risk for hip injuries in amateur football is 
significantly higher than in professional football, 
particularly severe injuries like fractures, profes-
sional goalkeepers have a higher rate of bursitis of 
the hip. In general, hip injuries like contusions and 
abrasions occur more frequently in training than 
in match exposure [75].
69.3.4  Overuse Injuries
In addition to traumatic injuries, goalkeepers 
may also sustain overuse injuries. The fingers 
have a high stress by frequently catching the ball. 
Frequent microtrauma may injure the cartilage of 
the finger joint as well as the ligaments and ten-
dons and result in degenerative changes of the 
joints [41]. Swelling persists sometimes over 
months and indicates a chronic problem of the 
affected joints [45]. PIP joints are the most 
affected joints and show frequently the typical 
symptoms in football goalkeepers like persistent 
pain, chronic joint swelling or impaired 
movement.
Other overuse complaints on the upper 
extremity in football goalkeepers may also affect 
the shoulder joint [76], mainly due to hyperex-
tension and stretching of the capsule and liga-
ments during throwing the ball or by holding the 
ball after a shoot. Other typical overuse injuries 
of the upper extremity with similar injury mecha-
nism are epicondylitis (on the ulnar side) and ten-
dinitis of the extensor tendons of the forearm 
[37]. Ekstrand et al. reported on lay-off with 
mean of 5 days in shoulder impingement syn-
drome and subacromial bursitis, 6 days in elbow 
olecranon bursitis and 8 days for medial collat-
eral ligament sprain of the elbow.
Other overuse complaints to the hip with typi-
cal femoroacetabular impingement [77] are 
caused by frequent hyperabduction and hyperflex-
ion of the hip. Also, low back pain is frequently 
present in goalkeepers and a result of during the 
jumping, flying and landing movements in match 
and training [78]. Achilles tendinitis is another 
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typical goalkeeping problem. This overuse injury 
is caused by the frequent change of running for-
ward, sidewards and backwards and a typical 
result of goalkeepers’ requirements [79].
69.4  Basic Injury Prevention 
Strategies in Football 
Goalkeepers
69.4.1  Training and Warm-Up
Recently published studies have reported on the 
lack in goalkeeper-specific injury prevention pro-
gram in football [2]. The goalkeeper in football 
needs a specific strategy for injury prevention to 
address the specific goalkeeping requirements 
during match and training. A recently published 
recommendation for goalkeeper to prevent inju-
ries is called “11+ S” [2]:
• General warm-up exercises
• Strength balance exercises for the shoulder, 
elbow, wrist and fingers
• Muscle control and core stability exercises
The following exercise topics of “11+ S” are 
recommended for football goalkeepers:
 1. Walking and running
 2. Throwing the ball
 3. Spinning movements of the hand
 4. Shoulder movement exercises (e.g. external 
and internal rotation)
 5. Bench exercises
 6. Upper and lower back strength exercise
 7. Wrist and finger exercises for extension and 
flexion
 8. Throwing exercises with the ball in jumping 
position, standing position and sideward 
movements
Further exercise groups have also been 
 recommended for a training and warm-up 
 program [4]:
• Running to activate the circulation
• Stretching of the lower extremity, upper 
extremity and the trunk to achieve flexibility
• Exercises for the lower extremity and trunk 
with trunk stability, jumping and landing, neu-
romotorical adaption, agility (e.g. FIFA 11+)
• Exercises for the upper extremity; strength 
training (e.g. in part: 11+ S)
• Ball play with stopping and passing, shooting 
and long passes. Additional shoot- outs and 
throw-outs are possible
• Ball play with catching the ball
• General jumping, landing and diving exercises 
with the ball
• Ball play against the keeper with one-on-one 
duels, flanks and shootings of the team
Because of the wide range of exercises 
needed for an adequate preparation of goalkeep-
ers, it is recommended that the goalkeeper 
should start their warm-up program 10–15 min 
earlier than outfielders. Besides the normal ath-
letic warm-up with other goalkeepers, the indi-
vidual exercises with the goalkeeping coach and 
the exercises with the rest of the team are essen-
tial. Generally, goalkeepers have to consider 
that the complete warm-up must fulfil several 
functions:
• Physical preparation for the match
• Mental preparation for the match
• Injury prevention
• Matching with the rest of the team
Fact Box 2
• Football goalkeepers present a specific 
injury profile well documented in the 
scientific literature.
• Typical traumatic injuries of goalkeep-
ers affect mainly the upper extremity, 
especially the hand and shoulder.
• Overuse injuries in goalkeepers are 
mostly related to the shoulder, elbow, 
hip, Achilles tendon and spine. These 
injuries show the need for a specific 
injury prevention strategy in goalkeep-
ers and a detailed return to play process 
after goalkeepers’ injuries.
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For the configuration of a well-adapted train-
ing or warm-up, it is necessary to consider that 
every movement in the match and training and 
every kind of contact with the ball should be 
trained and practised in the warm-up period 
before every training and match.
69.4.2  Equipment
As important part of injury prevention in football 
[80], the protection equipment for goalkeepers 
represents a crucial role. Goalkeepers’ gloves are 
an important feature to improve the possibility of 
catching and saving the shootened ball and to 
reduce the impacting forces to the hand and fin-
gers at the same time. But the gloves have an 
additional indispensable role, to protect goal-
keepers hand and fingers against the ball and the 
foot or other body parts of an opponent player. 
For this protection of fingers, new developments 
of the last years provide goalkeepers the use of 
gloves with “finger-safe” technology. One other 
important step to protect the fingers of the goal-
keeper is to undress rings on the finger, which 
may lead to severe finger avulsions [50].
The protection of the shank and the compli-
ance for wearing shin guards in training and 
match are essential for goalkeepers. Other com-
mon protection equipment are hip pads in goal-
keeper shorts. Padded shorts for football 
goalkeepers are commonly used in junior foot-
ball but show only a low evidence for injury pre-
venting effects. The most available products 
show weak effect and only viscoelastic foam 
fulfilled essential effects of a protection wear 
[75]. Other frequently worn pads to protect a 
joint in the goalkeeper are seen on the elbow, 
included in the shirt and on the knee. The evi-
dence of the preventive effect of this equipment 
is low. Typical other protection equipment are 
warming shorts to prevent groin pain and com-
pressions socks to avoid muscle cramps. This 
equipment is less reported in the scientific litera-
ture but very effective for football goalkeepers 
to address the different weather situations and in 
different seasons.
69.4.3  Prevention Behaviour
Considering match rules, the goalkeeper has to 
respect the fair play character in football, which 
is an important step and part of prevention of 
injuries. The goalkeeper has a higher risk for con-
tact injuries of the upper extremity and head and 
trunk, but by learning protection behaviour in 
duels with opponent players, they can protect 
themselves. A typical situation, where goalkeep-
ers protect their body against contact injuries, is 
by holding their hands before the face when 
catching the ball or lifting their knee, when jump-
ing in the air to catch the ball. A further important 
step to prevent injuries in contact situations with 
opponents are the pretension of the trunk muscle 
strength. Further skills to prevent injuries on all 
body regions are practising landing techniques 
after jumps or divings.
During the protective behaviours of goalkeep-
ers in the penalty box, other players are endan-
gered to be injured by the foot or knee of 
goalkeepers in the head, the thorax or the abdo-
men. Rarely, this may result in severe injuries, 
like pneumothorax, rip fractures or ruptures of 
the liver or spleen [81] or a direct injury of the 
larynx [82]. Goalkeepers have to consider that 
the injuries of opponents are possible.
69.5  Return to Play Testing 
and Decision-Making After 
Football Goalkeepers’ 
Injuries
The RTP after injuries in goalkeepers should be 
adapted to the specific training program and the 
specific requirements on the field. In general, the 
literature describes specific goalkeepers’ test-
ings such as vertical jumps, lateral shuffle test, 
accelerations of 5 and 10 m and goalkeeping-
specific techniques. A high number of exercises 
for are available, but a specific and well-planned 
RTP program is necessary to consider all parts 
of the goalkeeping play. To illustrate a typical 
RTP injury the following is recommended.
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69.5.1  Return to Play After Upper 
Extremity Injuries
Injuries of the upper extremities are common in 
goalkeepers. Quite often these injuries prohibit 
RTP, although they are not very serious. Principles 
for a return to play process after upper extremity 
injuries are:
 I. Therapy stage
• Acute phase injury treatment
• Tactical and mental training
• Light activity of contralateral upper 
extremity
• Active mobilisation and exercises of the 
lower extremity and trunk
 II. Return to walk/return to move
• Light exercises of the affected extremity 
by movements of the wrist, the elbow and 
the shoulder
• Running exercises and general strength 
exercises
• Ball exercises with both legs (shooting, 
passing)
• Ball exercises with the contralateral upper 
extremity
 III. Return to activity/return to sports movement
• Specific exercises for the specific body 
region. Specific movements of the small 
finger joints (passive, active, against 
resistance)
• Goalkeeper-specific movements and 
exercises (jumping techniques, landing 
techniques)
• Specific first catching and boxing 
techniques:
 – With a soft ball
 – With tape and protection devices on 
the fingers
 – With gloves with finger-safe technology
 – With reduced power
• Complete athletic and football-specific 
training for the legs (non-contact)
 IV. Return to full goalkeeper training/return to 
team training
• All aspects of goalkeeper’s individual 
training
 V. Return to competition
• After complete integration of the goal-
keeper in the team training and 
 unrestricted goalkeeping training, RTP is 
recommended.
69.5.2  Return to Play After Trunk 
and Head Injuries
After head injuries, individual return to play is 
necessary. In general, if goalkeeper suffers a 
concussion or traumatic brain injury, the grad-
uated return to play protocol with different 
stages developed by the Consensus Statement 
on Concussion in Sport (2012) should be 
 applicated [60]:
 I. No activity, recovery, tactical and mental 
education.
 II. After the period of no activity, the goal-
keeper is allowed to start with light exercises 
like walking, swimming or stationary 
cycling. In this step, the goalkeeper should 
start with light ball-specific exercises like 
catching or boxing, e.g. with a softball or a 
balloon and stretching and mobility 
exercises.
 III. In the next step, the goalkeeper can start 
with sport-specific exercises like running 
and catching and light throwing tech-
niques. During this activity, the goal-
keeper should take care to avoid head 
impacts.
 IV. The next step should be non-contact training 
drills like passing and throwing exercises, 
with more and more to complex exercises. In 
this step, the goalkeeper can start with diving 
and landing techniques.
 V. The goalkeeper can at this stage start with 
full-contact exercises and training after 
medical clearance. Headgears are used 
only by few players in professional 
football.
 VI. Normal match play and practise protection 
behaviour to avoid a second impact on the 
head.
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69.5.3  Return to Play After Lower 
Extremity Injuries
Injuries to the lower extremity principally allow 
very early exercises for the upper extremity, and 
maintenance of the upper extremity training is 
possible. Knee injuries need specific return to 
play:
 I. Therapy stage
• Injury treatment and avoidance of moving 
the affected extremity
• Performance of tactical and mental 
education
• Light activity of contralateral lower 
extremity
• Active mobilisation and exercises of the 
upper extremity and the trunk
 II. Return to walk/return to move
• Light exercises to the affected extremity 
by movements of the ankle and hip
• Cycling and walking exercises and gen-
eral strength exercises
• Ball exercises for the upper extremity 
(catching, throwing)
• Movement and strength for the upper 
extremity
 III. Return to activity/return to sports movement
• Specific exercises for the recovered body 
region and the contralateral side
• Goalkeeper-specific movements and 
exercises for the upper extremity
• Complete athletic and football-specific 
training for the lower extremity 
(non-contact)
 IV. Return to full goalkeeper training/return to 
team training
• All aspects of a goalkeeper’s individual 
training (jumping, landing, diving, con-
tact play, ball play)
 V. Return to competition
• After complete integration of the goal-
keeper in the team training and unre-
stricted goalkeeping training, return to 
play in competitions when possible 
reasonable.
69.5.4  Return to Play Tests
In the different stages of the return to play process, 
the athletic trainer in collaboration with the goal-
keeping coach should perform goalkeeping- specific 
tests. In contrast to the return to play tests on out-
fielders, the goalkeeper needs additional goalkeep-
ing tests after stage III (return to activity) up until 
stage V (return to competition). If one of the tests 
shows negative results, for example, in comparison 
to results of the contralateral not injured side or to 
pre-injury test results, the goalkeeper should 
improve the specific skills and a new test be per-
formed. Following tests for return to play process of 
a goalkeeper are useful during the different stages:
• Return to activity/return to normal sports 
(stage III)
 – Jumping and landing tests
 – Agility and sprint tests
 – Catching and throwing the ball
• Return to full training/return to team training 
(stage IV)
 – Repeat the test form stage III
 – Start to reach the same training level as 
before the injury
 – Shooting and passing the ball
 – Offence and defence play and zone control
 – Crossing, shooting and tactics with the 
team
 – Individual conversation between team 
coach and goalkeeper to check the mental 
status
• Return to competition (stage V)
 – Frequent tests of athletic and neuromotori-
cal skills depending on physical strain
The decision-making for a goalkeeper is com-
pletely different to outfielders. Form the begin-
ning of the rehabilitations protocol after 
goalkeepers’ injuries; the goalkeeping coach 
should train specific exercises with the goal-
keeper. The goalkeeping coach is an essential 
part of the return to play process in goalkeeper 
injuries and must also be involved in the return to 
play decisions of all stages.




Return to play for a football goalkeeper is unique 
and shows several specific requirements com-
pared with other football positions. These 
requirements and the transfer to the return to play 
process after goalkeepers’ injuries are repre-
sented in scientific literature in limited manner 
only and the scientific evidence is low. An impor-
tant perspective for the future should focus on the 
goalkeeping-specific problems and requirements 
in the prevention of injuries and the return to play 
process after injuries.
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70.1  Introduction
Soccer-related injuries are a relatively common 
occurrence across sex, age, and level of competi-
tion. The high prevalence of soccer-related injury 
has been well documented in the literature [1–
10]. The impact of sports-related injury is com-
plex and far-reaching, inflicting potential 
long-term physical, emotional, and financial con-
sequences for the athlete to contend with long 
after their athletic career has finished. The rate of 
injury in soccer depends on several factors: age, 
level of competition, position on the field, field 
type, timing of injury, and sex [11]. Injuries 
incurred during soccer most commonly involve 
the lower extremity and most commonly occur in 
a game situation [12–15]. In studies analyzing the 
injury rates of professional male soccer athletes, 
overall injury rate (IR) ranged from 6.2 to 13.2 
injuries per 1000 athletic exposures (AE) [16]. 
The National Collegiate Athletic Association 
(NCAA) has long recognized the high rate of 
injury in men’s and women’s soccer. Men’s game 
IR ranked third (18.8) and women’s game IR 
ranked fourth overall (16.4), respectively, for all 
NCAA sports per 1000 athletic exposures (AEs). 
When the data was stratified by gender, women’s 
soccer had the highest game IR overall. The IR 
for practices was equally high, with women rank-
ing fourth (5.2/1000 AEs) and men ranking fifth 
(4.3/1000 AEs) compared to 13 other NCAA col-
legiate sports [17]. Furthermore, the male IR is 
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four times higher in games compared with prac-
tices [16], and women’s collegiate IR is three 
times higher in games than in practices. 
Approximately 70% of game and practice inju-
ries affected the lower extremities [18]. The sheer 
magnitude of these injury rates, coupled with the 
increasing number of athletes participating in 
collegiate soccer, served as a meaningful impetus 
to actively intervene and attempt to reduce the 
current rate of injury, the severity of injury, and 
time loss associated with injury.
The earlier injury prevention programs primar-
ily focused specifically on anterior cruciate liga-
ment (ACL) injury reduction and prevention, 
namely, in the female athlete, due to the high rate 
of injury in this specific cohort [19–23]. Most of 
these neuromuscular training programs included a 
variety of strengthening, plyometric, and agility- 
based drills that addressed the major deficits most 
commonly associated with the female athlete that 
had sustained an ACL injury [24–26]. Several pro-
grams have been designed as dynamic warm-up 
programs in order to increase implementation 
fidelity and compliance, as well as to capitalize on 
the advantages associated with improved joint 
position sense found as a component in well-
designed neuromuscular training warm-up pro-
grams [21, 23, 27]. Despite the development and 
the evolution of the aforementioned programs, 
there is a continued and implicit need to address 
soccer-related injury in totality and for an enhanced 
understanding of the most common mechanisms 
of injury in soccer. Recent studies have analyzed 
injury mechanisms in male and female soccer 
players to further delineate the specific kinetics and 
kinematics directly involved in the mechanism of 
injury [13, 28]. After analyzing videos of male and 
female athletes incurring a soccer-related injury, 
the authors have begun to establish the high-risk 
positioning most commonly associated with the 
sport, namely, defensive play with the involved 
player at or near full hip and knee extension [13, 
28]. The continued delineation of the risk factors 
associated with sports-related injury will further 
the clinicians’ ability to elucidate and refine a com-
prehensive intervention program to effectively 
decrease the injury rate in sport. Furthermore, the 
cohesive and consistent implementation of injury 
prevention and reduction protocols may be consid-
ered a very viable and cost-effective option to 
reducing the rate of soccer injury [29]. This knowl-
edge can provide critical insight to help improve 
existing injury prevention protocols and secondary 
prevention strategies. Understanding the epidemi-
ology and the mechanism of injury will allow 
researchers to refine and expound upon the current 
gold standard for injury prevention, thus decreas-
ing the long-term deleterious sequelae commonly 
endured after incurring an injury [30].
70.2  The PEP Program
In the year 2000, the Santa Monica Sports 
Medicine Foundation created the PEP Program: 
Prevent Injury and Enhance Performance 
Program. It is an injury prevention program origi-
nally designed to address the high incidence of 
ACL injuries that were occurring, primarily, in the 
female soccer player. It is a 20-min dynamic 
warm-up program that directly replaces the team’s 
traditional warm-up program. It is performed on 
the field and does not require any additional 
equipment. It focuses on instructing the athlete to 
anticipate external forces or loads in order to sta-
bilize the hip and knee joints and subsequently 
decrease the propensity for ACL injury. Similar to 
previous prevention programs, PEP focused on 
proper landing, cutting, and decelerating tech-
niques. It emphasized landing softly on the fore-
foot; engaging knee and hip flexion on landing; 
avoiding excessive genu valgus at the knee on 
landing, cutting, and decelerating; and increasing 
hamstring, gluteus medius, and hip abductor 
strength and activation. This soccer- specific study 
held large implications as it addressed an athletic 
community of over 300 million players, the larg-
est in the world and at high risk for injuring the 
ACL relative to other sports [31].
70.2.1  Methodology
The PEP program was initially implemented 
using two age cohorts: 14–18-year-old and 
18–23-year-old female football (soccer) players. 
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It consists of a 20-min dynamic warm-up that pre-
ceded the normal training sessions or games and 
required only cones and a ball to perform. Each 
team in the intervention group was mailed an edu-
cational video depicting the warm-up program 
and a supplemental literature packet. In addition, 
each coach attended a mandatory league meeting 
in which the PEP program was introduced and the 
parameters were described. The instructional 
video provided education on three basic warm-up 
activities, five stretching techniques for the trunk 
and lower extremity, three strengthening exer-
cises, five plyometric activities, and three soccer-
specific agility drills as well as a demonstration 
on how to perform these activities with proper 
biomechanical technique (Fig. 70.1) [21].
70.2.2  Results
The first year of the study was conducted in a 
competitive youth female soccer league 
(14–18-year-old players). Over the course of 
the season, two ACL tears were reported for 
the intervention group (IG) (IR = 0.05 ACL 
injuries/1000 athletic exposures (AEs)). Thirty-
two ACL tears were reported for the control 
group (CG) (0.47 ACLs/1000 AEs), resulting 
in an 88% overall reduction in ACL injury. In 
year 2 of the study, 4 ACL tears were reported 
in the IG (IR = 0.13/1000 AEs) compared to 35 
ACLs in the CG (IR = 0.51/1000 AEs), corre-
sponding to an overall reduction of 74% in 
ACL tears [21].
The PEP Program:  prevent injury and enhance performance
1. Warm-up:
a. Jog line to line (cone to cone) 
b.   Shuttle run (side to side)  
c.   Backward running
2. Strengthening:
a.   Walking Lunges            
b.   Russian hamstring                
c.   Single toe raises  
3. Plyometrics
a.   Lateral hops over cone    
b.   Forward/backward hops over cone  
c.   Single leg hops over cone   
d.   Vertical jumps with headers  
e.   Scissors jump  
4. Agilities
a. Shuttle run with forward/backward running      
b.   Diagonal runs (3 passes)      
c.   Bounding run (44 yds)   
Training Session per your Coaching staff — approximately 1–1.5 h
5. Stretching:
This portion of the program is to be completed at the end of your
regular training session.
a.   Calf stretch  
b.   Quadriceps stretch  
c.   Figure Four-Piriformis stretch 
d.   Hamstring stretch   
e.   Inner thigh adductor stretch   
f.   Hip flexor stretch 
Fig. 70.1 The Santa Monica Orthopaedic and Sports Medicine Research Foundation
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70.2.3  Additional Studies Using 
the PEP Program
Following the initial intervention, a randomized 
controlled trial was conducted using division I 
NCAA women’s soccer teams (18–23-year-old 
players). Sixty-one teams with 1429 athletes 
completed the study: 854 athletes participated in 
35 control teams and 575 athletes participated in 
26 intervention teams. After the use of the PEP 
injury prevention program for one season, there 
were 7 ACL injuries in the IG (IR = 0.14/1000 
AEs) and 18 in CG (IR = 0.25/1000 AEs) 
(p = 0.15). A 100% reduction in practice contact 
and noncontact ACL injuries occurred with no 
injuries reported in the IG compared with six in 
the CG (IR = 0.10/1000 AEs) (p = 0.01). 
Noncontact ACL injuries occurred at over three 
times the rate in control athletes (n = 10; 0.14) 
compared with intervention athletes (n = 2; 
IR = 0.04; p = 0.06). Control athletes with a pre-
vious history of ACL injury had a recurrence five 
times more often than those in the intervention 
group (IR = 0.10 vs. 0.02; p = 0.06); this differ-
ence reached significance when limited to non-
contact ACL injuries during the season (IR = 0.06 
vs. 0.00; p < 0.05). There was a significant differ-
ence in the rate of ACL injuries in the last 6 
weeks of the season with a 100% reduction in 
contact and noncontact ACL injuries (interven-
tion 0.00 vs. control 0.18; p < 0.05). This sup-
ports the concept that it takes 6–8 weeks for a 
biomechanical intervention program to have a 
neuromuscular effect [32].
70.2.4  Conclusions
The results of this study indicated that a neuro-
muscular training program, such as the PEP pro-
gram, might significantly reduce the incidence of 
severe ACL injuries in the female athlete. Based 
on its findings, SMSMF contended that a 
 prophylactic training program focusing on devel-
oping neuromuscular control of the lower extrem-
ity through strengthening exercises, plyometrics, 
and sports-specific agilities may address the pro-
prioceptive and biomechanical deficits that are 
demonstrated in the high-risk female athletic 
population. This initial study laid the groundwork 
for the foundation’s next steps: studying the bio-
mechanical implications of instituting neuromus-
cular training programs via kinetic and kinematic 
analysis, identifying the mechanism of ACL 
injury, and, finally, determining a precise neuro-
muscular intervention program that would spe-
cifically counteract the unopposed forces around 
the trunk and lower extremity to further decrease 
the incidence of severe ligamentous injury.
70.3  The 11+ Neuromuscular 
Training Program
Over the last decade, as researchers continued to 
unravel the mechanism of injury and pathokine-
matics surrounding ACL injury, prevention pro-
grams garnered serious support in the field of 
sports med. Both the International Olympic 
Committee and the Féderation Internationale de 
Football Association (FIFA) emphasize the pro-
tection of athletes’ health as a major objective, 
and, in 1994, FIFA established its own Medical 
Assessment and Research Center (F-MARC) in 
order “to prevent football injuries and to promote 
football as a health-enhancing leisure activity, 
improving social behavior” [33]. On the basis of 
previous prevention programs including PEP, 
F-MARC attempted to create a simple and time- 
efficient preventive program to reduce the most 
common football injuries including ankle 
sprains, hamstring and groin strains, and liga-
ment injuries in the knee. As a result, in 2003, an 
international group of experts under the tutelage 
of F-MARC created The 11, a program that was 
comprised of ten evidence-based or best-prac-
ticed exercises, and required no equipment other 
than a ball, that could be completed within 
Fact Box 1
Neuromuscular training programs that are 
performed consistently can significantly 
reduce an athlete’s injury risk to ACL 
injury while playing soccer.
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10–15 min as a matter of routine (F-MARC, 
2009). However, in a randomized controlled trial, 
the Oslo Sports Trauma and Research Center 
(OSTRC) examined the effect of “The 11” over 
one season among 2000 female players aged 
13–17 and found no difference in injury risk 
between the intervention group and the control 
group. Furthermore, OSTRC found that the com-
pliance of the intervention group was too poor in 
order to identify a statistically significant effect 
of the program [34].
To improve upon both the preventive impact 
of The 11 and the compliance of the program, 
OSTRC, F-MARC, and SMSMF reconvened 
and developed a new program: the FIFA 11+ in 
2006. This program was predicated on key exer-
cises from the PEP program and The 11 that 
have been shown to have statistically significant 
impact in previous studies [21, 32]. FIFA 11+ is 
a comprehensive program encompassing car-
diovascular and preventive exercises that focus 
on core and leg strength, balance, and agility 
and has a progression of three levels with 
increasing difficulty to provide variation and 
increases in difficulty. It takes approximately 
20 min to complete and requires a minimum of 
equipment (a set of cones and soccer balls). 
Similar to the PEP program, the FIFA 11+ is 
time-efficient and inherently promotes compli-
ance because it directly replaces the customary 
warm-up [23, 33, 35].
The FIFA 11+ is an injury prevention program 
designed as an alternative warm-up program to 
address lower extremity injury incurred in the 
sport of soccer for athletes over the age of 14 [23, 
35]. It consists of 15 exercises divided into three 
separate components: running exercises (8 min) 
that encompass cutting, change of direction, 
decelerating, and proper landing techniques; 
strength, plyometric, and balance exercises 
(10 min) that focus on core strength, eccentric 
control, and proprioception; and, lastly, running 
exercise (2 min) to conclude the warm-up and 
prepare the athlete for athletic participation. 
There are three levels for each specific exercise 
(level 1, level 2, level 3) that increase the diffi-
culty for each respective exercise. This allows for 
both individual and team progression throughout 
the course of the competitive season (Fig. 70.2). 
In this specific study, the FIFA 11+ program 
served as the intervention program over the 
course of one competitive collegiate soccer sea-
son. The warm-up was suggested to be utilized 
three times per week for the duration of the 
season.
70.3.1  Results
The average utilization of the FIFA 11+ in the IG 
was 32.8 ± 12.1 doses over the course of the sea-
son. There was no significant difference between 
the age of the injured athletes (20.4 ± 1.6 IG and 
20.7 ± 1.5 CG) nor was there a difference in the 
number of injured athletes based on player 
position.
There was a significantly higher proportion of 
athletes injured in the CG, 665 (70%, 
IR = 15.04/1000 AEs) than in the IG, 285 (30%, 
IR = 8.09/1000 AEs), p < 0.001). The CG had a 
significantly higher average number of injuries 
per team (M = 19.56, SD = 11.01) than the IG 
(M = 10.56, SD = 3.64), t(59) = 4.07, p < 0.001.
There was a significantly higher number of 
days missed due to injury in the CG (M = 13.02, 
SD = 26.82) than in the IG (M = 9.31, SD = 14.83), 
SE = 0.12 p = 0.007, for each day missed in the 
IG 1.4 days were missed in the CG, OR = 1.40. 
Total days missed secondary to injury was 
8776 in the CG compared to 2824 in the IG. There 
was no difference in either group for days missed 
based on field type, Wald χ2(2) = 0.91, b = 0.13, 
SE = 0.14, OR = 1.15, p = 0.341.
A second Poisson regression was used for 
those who were in the IG to compare the number 
of days missed if the injury occurred on a day 
where the intervention was used. The model was 
significant, LR χ2(2) = 6.02, p < 0.049. There was 
a significantly higher number of days missed 
when the intervention was not used on day of 
injury (M = 10.65, SD = 15.35) than when it was 
used (M = 6.56, SD = 10.44), Wald χ2(1) = 4.26, 
b = 4.08, SE = 1.98, p = 0.039. There was no dif-
ference on the number of days missed in the 
intervention group based on field type, Wald 
χ2(1) = 0.90, b = 2.10, SE = 2.21, p = 0.343.




The results suggest that consistent utilization of a 
neuromuscular training program, such as the 
FIFA 11+, may impart a protective benefit to the 
soccer athlete by achieving an optimal state of 
physiological preparedness for soccer competi-
tion and sufficient biomechanical training to off-




The course is made up of 6 to 10 pairs of parallel cones, appr ox. 5-6 metres apart. 
Two players start at the same time from the first pair of cones. Jog together all 
the way to the last pair of cones. On the way back, you can incr ease your speed 




Run forwards as a pair to the first set of cones. Shuffle sideways by 90 degr ees to 
meet in the middle. Shuffle an entire circle around one other and then return 
back to the cones. Repeat for each pair of cones. Remember to stay on your toes 




Walk or jog easily, stopping at each pair of cones to lift your knee and rotate your 
hip inwards. Alternate between left and right legs at successive cones. 2 sets.
3
QUICK FORWARDS & BACKWARDS
RUNNING
As a pair, run quickly to the second set of cones then run backwards quickly to 
the first pair of cones keeping your hips and knees slightly bent. Keep repea-
ting the drill, running two cones forwards and one cone backwards. Remember to 




Walk or jog easily, stopping at each pair of cones to lift your knee and rotate your 




Run forwards in pairs to the first pair of cones. Shuffle sideways by 90 degr ees to 
meet in the middle then jump sideways towards each other to make shoulder-
to-shoulder contact.
Note: Make sure you land on both feet with your hips and knees bent. Do not let 
your knees buckle inwards. Make it a full jump and synchronize your timing with 




Starting position: Lie on your front, supporting yourself on your forearms and 
feet. Your elbows should be directly under your shoulders.
Exercise: Lift your body up, supported on your forearms, pull your stomach in, and 
hold the position for 20-30 sec. Your body should be in a straight line. Try not to 
sway or arch your back. 3 sets.
7 ONE LEG LIFT AND HOLD
THE BENCH
Starting position: Lie on your front, supporting yourself on your forearms and 
feet. Your elbows should be directly under your shoulders.
Exercise: Lift your body up, supported on your forearms, and pull your stomach 
in. Lift one leg about 10-15 centimetres off the ground, and hold the position for 
20-30 sec. Your body should be straight. Do not let your opposite hip dip down 




Starting position: Lie on your front, supporting yourself on your forearms and 
feet. Your elbows should be directly under your shoulders.
Exercise: Lift your body up, supported on your forearms, and pull your stomach 
in. Lift each leg in turn, holding for a count of 2 sec. Continue for 40-60 sec. Your 




Starting position: Stand with your feet hip-width apart. Place your hands on your hips if you  
like.
Exercise: Imagine that you are about to sit down on a chair. Bend your legs slowly until your  
knees are flexed to approx 90 degrees, and hold for 2 sec. Do not let your knees buckle  
inwards. From the squat position, jump up as high as you can. Land softly on the balls of your  
feet with your hips and knees slightly bent. Repeat the exer cise for 30 sec.  2 sets.
12 BOX JUMPS
JUMPING
Starting position: Stand with your feet hip-width apart. Imagine that ther e is a 
cross marked on the ground and you are standing in the middle of it.
Exercise: Alternate between jumping forwards and backwards, from side to side, 
and diagonally across the cross. Jump as quickly and explosively as possible. Your 
knees and hips should be slightly bent. Land softly on the balls of your feet. Do not 
let your knees buckle inwards. Repeat the exercise for 30 sec. 2 sets.
12LATERAL JUMPS
JUMPING
Starting position: Stand on one leg with your upper body bent slightly forwar ds 
from the waist, with knees and hips slightly bent.
Exercise: Jump approx. 1 m sideways from the supporting leg on to the free leg. 
Land gently on the ball of your foot. Bend your hips and knees slightly as you land 
and do not let your knee buckle inward. Maintain your balance with each jump. 




Run across the pitch, from one side to the other, at 75-80% maximum pace. 2 sets.
13 PLANT & CUT
RUNNING
Jog 4-5 steps, then plant on the outside leg and cut to change dir ection. Accelerate 
and sprint 5-7 steps at high speed (80-90% maximum pace) befor e you decelerate 
and do a new plant & cut. Do not let your knee buckle inwar ds. Repeat the exercise 
until you reach the other side, then jog back.  2 sets.
15BOUNDING 
RUNNING
Run with high bounding steps with a high knee lift, landing gently on the ball of 
your foot. Use an exaggerated arm swing for each step (opposite arm and leg). Try 
not to let your leading leg cross the midline of your body or let your knees buckle 
inwards. Repeat the exercise until you reach the other side of the pitch, then jog 




Starting position:Stand with your feet hip-width apart. Place your hands on your 
hips if you like.
Exercise: Imagine that you are about to sit down on a chair. Perform squats by 
bending your hips and knees to 90 degrees. Do not let your knees buckle inwards. 
Descend slowly then straighten up more quickly. When your legs are completely 
straight, stand up on your toes then slowly lower down again. Repeat the exer -
cise for 30 sec. 2 sets.
11 ONE-LEG SQUATS
SQUATS 
Starting position: Stand on one leg, loosely holding onto your partner.
Exercise: Slowly bend your knee as far as you can manage. Concentrate on pr e-
venting the knee from buckling inwards. Bend your knee slowly then straighten it 
slightly more quickly, keeping your hips and upper body in line. Repeat the exer cise 
10 times on each leg. 2 sets.
11WALKING LUNGES  
SQUATS
Starting position: Stand with your feet hip-width apart. Place your hands on your 
hips if you like.
Exercise: Lunge forward slowly at an even pace. As you lunge, bend your leading 
leg until your hip and knee are flexed to 90 degrees. Do not let your knee buckle 
inwards. Try to keep your upper body and hips steady. Lunge your way across the 




Starting position: Stand on one leg.
Exercise: Balance on one leg whilst holding the ball with both hands. Keep your 
body weight on the ball of your foot. Remember: try not to let your knees buckle 
inwards. Hold for 30 sec. Change legs and repeat. The exercise can be made more 
difficult by passing the ball around your waist and/or under your other knee.
2 sets.
10 TEST YOUR PARTNER
SINGLE-LEG STANCE
Starting position: Stand on one leg opposite your partner and at arm’s’ length 
apart. 
Exercise: Whilst you both try to keep your balance, each of you in tur n tries to push 
the other off balance in dif ferent directions. Try to keep your weight on the ball 
of your foot and prevent your knee from buckling inwards. Continue for 30 sec. 
Change legs. 2 sets.
10THROWING BALL WITH PARTNER
SINGLE-LEG STANCE
Starting position: Stand 2-3 m apart from your partner, with each of you standing 
on one leg.
Exercise: Keeping your balance, and with your stomach held in, thr ow the ball 
to one another. Keep your weight on the ball of your foot. Remember: keep your 
knee just slightly flexed and try not to let it buckle inwar ds. Keep going for 30 sec. 




Starting position: Kneel on a soft surface. Ask your partner to hold your ankles 
down firmly.
Exercise: Your body should be completely straight from the shoulder to the knee 
throughout the exercise. Lean forward as far as you can, controlling the movement 
with your hamstrings and your gluteal muscles. When you can no longer hold the 
position, gently take your weight on your hands, falling into a push-up position. 
Complete a minimum of 3-5 repetitions and/or 60 sec. 1 set.
9 ADVANCED
HAMSTRINGS
Starting position: Kneel on a soft surface. Ask your partner to hold your ankles 
down firmly.
Exercise: Your body should be completely straight from the shoulder to the knee 
throughout the exercise. Lean forward as far as you can, controlling the movement 
with your hamstrings and your gluteal muscles. When you can no longer hold the 
position, gently take your weight on your hands, falling into a push-up position. 
Complete a minimum of 12-15 repetitions and/or 60 sec. 1 set.
9INTERMEDIATE
HAMSTRINGS
Starting position: Kneel on a soft surface. Ask your partner to hold your ankles 
down firmly.
Exercise: Your body should be completely straight from the shoulder to the knee 
throughout the exercise. Lean forward as far as you can, controlling the movement 
with your hamstrings and your gluteal muscles. When you can no longer hold the 
position, gently take your weight on your hands, falling into a push-up position. 




Starting position: Lie on your side with the knee of your lowermost leg bent to 90
degrees. Support your upper body by resting on your forearm and knee. The elbow 
of your supporting arm should be directly under your shoulder. 
Exercise: Lift your uppermost leg and hips until your shoulder, hip and knee are in a 
straight line. Hold the position for 20-30 sec. Take a short break, change sides and 
repeat. 3 sets on each side.
8 WITH LEG LIFT
SIDEWAYS BENCH
Starting position: Lie on your side with both legs straight. Lean on your for earm 
and the side of your foot so that your body is in a straight line fr om shoulder to 
foot. The elbow of your supporting arm should be directly beneath your shoulder.
Exercise: Lift your uppermost leg up and slowly lower it down again. Repeat for 20-
30 sec. Take a short break, change sides and repeat. 3 sets on each side.
8RAISE & LOWER HIP
SIDEWAYS BENCH
Starting position: Lie on your side with both legs straight. Lean on your for earm 
and the side of your foot so that your body is in a straight line fr om shoulder to 
foot. The elbow of your supporting arm should be directly beneath your shoulder.
Exercise: Lower your hip to the ground and raise it back up again. Repeat for 20-30 
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70.4  Video-Based Analysis
As research continued to confirm a discrepancy 
between the ACL injury rates of males and 
females, experts from SMSMF and Washington 
University Orthopedics next undertook a gender- 
based study to elucidate the mechanism of injury 
using video analysis. While there had been video 
analyses of ACL injuries in basketball, handball, 
Australian football, and alpine skiing, no such 
study existed at the time for soccer [36–38]. 
Video analysis, however, offered a way to accu-
rately describe the game situation and biome-
chanics of injury and provide a fuller 
understanding of the underlying risk factors that 
may be amenable to prevention efforts. The 
researchers used this tool to test the hypothesis 
that these risk factors differ between male and 
female soccer athletes.
70.4.1  Methodology
Fifty-five videos of ACL injuries in 32 male and 
23 female soccer players were collected and ana-
lyzed. Most injuries were incurred by profession-
als (22 males, 4 females) or collegiate-level 
players (8 males, 14 females), with the remainder 
of the injuries occurring in high school and youth 
players. Visual analysis of each case was per-
formed to describe the injury mechanisms in 
detail (game situation, player behavior, lower 
extremity alignment, and kinematics). The goal 
was to identify the most frequent game situation 
in which the injury occurs and to determine the 
most common mechanisms by which ACL tears 
occur. Videos had to clearly delineate the posi-
tion of the injured player on the field along with 
position of the ball and the events preceding the 
injury. Videos analyzed for mechanism of injury 
were of high enough quality to calculate the joint 
angles and determine the position of the lower 
extremity at the time of injury.
Each video was analyzed for the game situa-
tion immediately prior or during the occurrence 
of injury. The analysis for game situation included 
whether the player was playing an offensive or 
defensive role, the athletic action of the player 
(heading, passing, receiving the ball, tackling, 
etc.), whether the player was in control of the 
ball, and the location on the field where the injury 
occurred.
The mechanics of the ACL injury were stud-
ied in a systematic approach. The side of the 
injury and whether the injury was via contact or 
noncontact were recorded. Contact injuries were 
further divided into two separate subcategories 
revealing whether the injury was caused by direct 
contact to the lower extremity or indirect contact 
to other parts of the body, which influenced the 
injury by adding perturbation. Noncontact inju-
ries were also examined to determine whether 
there was an opponent or another player in close 
proximity (within 1 m of the injured player) dur-
ing the injury [13].
70.4.2  Results
The majority of ACL injuries occurred when the 
opposing team had the ball and the injured athlete 
was defending (73%). Females were more likely 
to be defending when they injured their ACL 
(87%) than males (63%) (p = 0.045). The most 
common playing action was tackling (51%), fol-
lowed by cutting (15%). More than half of inju-
ries occurred due to a contact mechanism (56%). 
There was a trend toward a greater percentage of 
ACL injuries occurring via contact in females 
(61%) compared with males (53%) (p = 0.06). 
ACL injuries that occurred when tackling usually 
involved contact (79%). In females, 80% of ACL 
injuries while tackling involved contact com-
pared with 54% in males, but the difference was 
not significant (p = 0.13). For the vast majority of 
noncontact injuries (83%), an opposing player 
was within 1 or 2 yards of the injured athlete, but 
Fact Box 2
The 11+ program has demonstrated the 
ability to decrease overall injury rate in 
soccer players and decrease time loss due 
to injury, a proxy for injury severity.
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no direct contact occurred. Females (54%) were 
more likely than males (33%) to suffer a noncon-
tact injury to their left lower extremity (p = 0.05).
In addition to game situation results, biome-
chanical results were also collected. Injuries 
occurred during a variety of motions, including 
planting, landing, cutting, and decelerating. 
Athletes were usually moving forward or chang-
ing direction at the time of injury. The majority of 
contact injuries occurred with the athlete moving 
forward (80%). There were no significant differ-
ences between male and female athletes. 
Noncontact ACL injuries occurred most often 
with the hip flexed (88%) and abducted (83%), 
the knee in valgus (58%) and within 30° of full 
extension (71%), and the foot flat (58%). Similar 
patterns of joint position were seen with the con-
tact injuries. There were no significant differ-
ences between male and female athletes.
70.4.3  Conclusion
These results demonstrated that soccer players 
most often injure their ACLs when defending, 
specifically tackling, and females are more likely 
to injure their ACLs while defending than are 
males. Overall, slightly more than half of the 
injuries occurred via a contact mechanism, 
although a significant proportion of noncontact 
injuries occurred with an opponent in close prox-
imity. Because tackling is a reactive maneuver 
that can require last-minute adjustments in body 
position and technique, female athletes with poor 
neuromuscular control and suboptimal biome-
chanics may be more likely to react in a way that 
puts the ACL at risk for injury. Although a num-
ber of the ACL injuries that occurred during tack-
ling were noncontact, the majority (79%) were 
contact in nature. Nevertheless, this could be an 
important finding with regard to potential injury 
prevention efforts, as proper tackling technique 
should be addressed during player development 
and training.
This study also confirmed results obtained 
previously by SMSMF and the Washington 
University research team: females have higher 
involvement of the non-dominant lower extrem-
ity in ACL tears compared to males [39]. 
Additionally, video analysis confirmed past stud-
ies suggesting that the ACL is the most vulnera-
ble and most often injured when the knee is at 
near extension. This evidence was corroborated 
by a recent study conducting analyzing European 
soccer injuries [28]. Knee rotational moments 
combined with near knee extension are often 
described as the most common situation in which 
ACLs are injured in observational and retrospec-
tive analyses. Other studies have shown knee 
abduction and flat-footedness as possible mecha-
nisms for ACL injury during tackling. Although 
this study did not provide ways to improve tack-
ling techniques, it suggests that female soccer 
players may especially benefit from training 
focused on safe techniques for defending and 
tackling.
70.5  Compliance and Program 
Adherence to Injury 
Prevention Programs
The role of compliance in injury prevention pro-
tocols has been well documented in the litera-
ture [40–42]. Current research has demonstrated 
an inverse correlation of injury rate and time 
loss due to injury with the compliance of effec-
tive injury prevention protocols [23, 42]. The 
scientific medical community continues to 
struggle with consistency in implementation, 
program fidelity, and therapeutic compliance 
across all levels of competitive soccer play. The 
manner in which the program is delivered may 
impact the rate or program adoption. Studies 
have analyzed how different program delivery 
Fact Box 3
Video analysis of injury mechanism pro-
vides important clinical insight into thor-
oughly understanding how injuries occur 
during athletic participation. Furthermore, 
this analysis provides critical information 
on how we can improve upon existing 
injury reduction efforts.
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systems impact compliance, and, furthermore, 
the rate of injury [43]. Nations such as the 
United States, Canada, and many regions of 
Asia and Africa are confronted by a large geo-
graphic expanse when it comes to efficient and 
feasible medical delivery and public health mes-
saging. The concept of using instructional 
DVDs, online streaming resources, and smart-
phone applications may offer a cost-effective 
alternate delivery system for injury prevention 
protocols in the event that a skilled medical pro-
fessional is unable to be present [43].
It is critical to understand the rationale of 
why coaches, teams, players, and parents choose 
to implement a scientifically vetted injury pre-
vention program or not too. Even though inter-
vention programs have been shown to 
successfully reduce the rate of injury in com-
petitive sport, the potential public health benefit 
and impact will not be realized if such interven-
tions are not utilized consistently. Therefore, 
encouraging coaching and player motivation 
toward implementing injury prevention method-
ology into their training repertoire could have 
important public health ramifications and posi-
tive socioeconomic impacts on the aforemen-
tioned cohorts.
Team performance has been closely linked 
to player health and availability [44–48]. 
Careful attention is paid to match scheduling, 
training loads, minutes played, and overall 
exposure in order to mitigate risk to the indi-
vidual athlete. Researchers in a variety of 
sports have demonstrated a significant associa-
tion between injury rates and playing perfor-
mance [49–51]. Including the analysis of team 
performance is an integral component in the 
effort to increase compliance rates [52–54]. 
Coaches, managers, and athletes are often more 
concerned about individual or team perfor-
mance outcomes as opposed to actual injury 
reduction. If researchers can draw a correlation 
between compliance to an injury prevention 
program and improved team performance mea-
sured in a higher number of wins and fewer 
losses, this concept may resonate with coach-
ing staffs and ultimately increase overall com-
pliance rates.
 Conclusions
The overarching theme of this chapter was to 
establish the relevance of the PEP and the 
FIFA 11+ programs and to further highlight 
the biomechanical mechanism that allow these 
programs to be successful. These programs 
have demonstrated their ability to reduce 
injury rates and severity of injury. Program 
compliance is paramount; the more consis-
tently the program was utilized, the greater the 
injury prevention benefit was imparted onto 
the athlete. Furthermore, the ability for the 
athlete to stay healthy and available for selec-
tion throughout the competitive season seem-
ingly allowed teams to perform more 
favorably. The benefits of sport participation 
are numerous and far outweigh the risks. The 
likelihood of incurring an injury by virtue of 
participating in soccer should not be underes-
timated. As clinicians and researchers, we 
must collectively recognize the risks associ-
ated with sport and implement the prevention 
protocols that have published to date. The 
information provided may help reduce the 
incidence of soccer-related injuries. We rec-
ognize the need for optimal program adher-
ence and additional randomized controlled 
trials to continue to elucidate the etiology, 
mechanism of injury, and the need for contin-
ued biomechanical analysis of athletes to 
address the deficits that may inhibit their over-
all athletic  performance and their ability to 
enjoy a functional, healthy, and active 
lifestyle.
Take-Home Message
The PEP and the FIFA 11+ programs have dem-
onstrated its ability to decrease injury rate, 
including ACL injury rate, and improve overall 
team performance. The neuromuscular training 
programs support the importance of the consis-
tent implementation of injury prevention proto-
cols in sport. Compliance is a critical component 
to the overall impact of the program; teams uti-
lizing the program more consistently demon-
strated lower injury rates and more success 
with respect to team performance.
70 Injury Prevention in Football: The Santa Monica Experience
pieter.orthopedie@gmail.com
916
By prospectively analyzing changes in soccer- 
specific movement patterns during competition, 
we are now able to more fully understand mecha-
nism of injury and how the programs may be 
improved with respect to injury reduction and 
how the program imparts’ a protective benefit. 
This information will guide future researcher on 
how to optimize injury prevention efforts, to 
improve the content and efficiency of therapeutic 
prevention interventions, and to potentially iden-
tify high-risk athletes prospectively prior to a 
deleterious injury occurring. If these methods are 
implemented with optimal compliance and con-
sistency early in an athlete’s career, the overall 
risk of injury may be significantly reduced and 
the long-term health and athletic career longevity 
may be extended through the later decades of 
life. Furthermore, the physical and financial lon-
gitudinal impact(s) of many sports-related inju-
ries may be significantly mitigated, thus 
improving overall quality of life of the athlete, 
extending well past the tenure of a collegiate ath-
letic career.
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71.1  Injury Prevention in Youth 
Sports
Football is the most popular sport in Sweden, 
with approximately 440,000 registered players 
(total population of ten million) (Fig. 71.1). 
Given the inherent risk of injury during foot-
ball play, the sport is the most frequent cause 
of sports injuries requiring acute medical treat-
ment at hospitals in Sweden [11]. Football also 
contributes with the highest number of injury 
insurance claims (42% of all injury claims 
including data from 35 different sports) based 
on Swedish national insurance registry data 
[1]. Lower limb injuries predominate, with the 
knee and ankle as the most frequent areas of 
acute injuries in youth players. Severe acute 
knee injuries, e.g. anterior cruciate ligament 
(ACL) injury, sustained at a young age may 
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have life-long negative impact on health-related 
quality of life and physical function [3] and 
may thus constitute a considerable economic 
burden to society. Female football players are 
more prone to suffer an ACL injury, with a two 
to three times higher risk compared with their 
male counterparts [10, 14]. To reduce the risk 
of injury and their long-term consequences, 
various injury prevention exercise programmes 
(IPEP) have been developed for use in different 
sporting populations. These have been found 
efficacious in reducing lower limb injury risk 
in high-quality randomised controlled trials 
(RCT) [9, 13]. Such programmes commonly 
include exercises focusing on proper technique 
during landing, cutting and deceleration, core 
and lower limb strength, hip and knee control 
and lower limb alignment.
71.2  The Knee Control Project 
in Swedish Football
Injury insurance claims data have shown a high 
rate of severe knee injuries, including ACL inju-
ries, in female football in Sweden [12]. In 2008, 
the Swedish Football Association (FA) and the 
insurance company Folksam (all football players 
in Sweden from the age of 15 years have an insur-
ance in Folksam via their mandatory playing 
license) initiated a project aiming to reduce the 
burden of severe knee injuries. The aim was to 
evaluate and distribute a structured IPEP called 
Knee Control in Swedish football nationwide 
through coach and player educational workshops.
71.2.1  The Knee Control Injury 
Prevention Exercise 
Programme
The Knee Control IPEP (in Swedish Knäkontroll) 
was developed in 2005 for adolescent team sports, 
through an initiative from various stakeholders 
such as the Swedish Sports Confederation, the 
Swedish School of Sports and Health Sciences and 
the Swedish Rheumatism Association, in collabo-
ration with the Swedish FA, the Swedish Handball 
Federation, the Swedish Basketball Federation and 
the Swedish Floorball Federation. An educational 
material was commercially available (SISU 
Idrottsböcker©, Sweden, 2005) including a 
CD-ROM and a corresponding leaflet describing 
the IPEP. Films describing all exercises are avail-
able on the CD-ROM for the four different sports 
(football, handball, basketball and floorball).
The programme contains six different principal 
exercises focusing on neuromuscular control, 
landing and cutting technique, core and lower limb 
strength and lower limb alignment (Fig. 71.2). All 
exercises have four levels of difficulty and an addi-
tional pair exercise to allow for progression and 
variation of exercises (Table 71.1). The programme 
is led and individually progressed by a coach or 
other team designate and takes about 10–15 min to 
complete after familiarisation. The six principal 
exercises are the same regardless of sport. Some 
adaptation has, however, been made to make exer-
cises more sports specific (e.g. use of a football in 
the football version). One of the authors (AN) was 
responsible for the development of the football- 
specific parts of the Knee Control IPEP.
Fig. 71.1 Football is 
the most popular sport in 
Sweden. Photo: Emma 
Busk Winquist with 
permission
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71.2.2  Evaluating the Preventive 
Efficacy on Acute Knee 
Injuries
As a first step, the preventive efficacy of the IPEP 
was evaluated in a cluster RCT in girls’ adoles-
cent football (12–17 years) in 2009 [5, 15]. The 
Fig. 71.2 Football girls performing the one-legged knee 
squat. Photo: Emma Busk Winquist with permission
Table 71.1 The Knee Control injury prevention exercise 
programme
Exercise/level
Instructions: All exercises are 
performed over three sets with 8–15 
repetitions, or 15–30 s for exercise 4 
the bench
1. One-legged knee squat
A Hands on the hips
B With a ball over the head
C Mark the 12-02-04-06 o’clock 
positions with the nonsupporting foot
D Diagonal movement holding a ball
Pair exercise Teammates press a ball between the 
lateral sides of their feet
2. Pelvic lift
A Both feet on the ground
B One foot on the ground
C One foot on a football
D Explosive movement with quick push 
off from the ground
Pair exercise Teammate supports the heel of the foot 
in his/her hands
3. Two-legged knee squat
A With a ball in front of the body with 
straight arms
B Hands on the hips
C With a ball over the head
D Same as level C but continue the upward 
movement and rise up on the toes
Pair exercise Teammates face opposite directions 




Instructions: All exercises are 
performed over three sets with 8–15 
repetitions, or 15–30 s for exercise 4 
the bench
A Prone position. Support on the knees 
and lower arms
B Support on the tip of the feet
C Same as level B but move the foot to 
the side and back. Alternate sides
D Sideways bench. Dynamic movement 
lifting the hip off the ground and back
Pair exercise The wheelbarrow
5. Lunges
A Walking lunges. Hands on the hips
B Walking lunges holding a ball in front 
of the body and rotating the upper body
C Forward lunge holding a ball over the 
head, pushing back with the front leg to 
return to the starting position
D Sideways lunges holding a ball in front 
of the body
Pair exercise Teammates stand facing each other 
5–10 m apart. One performs a forward 
lunge while making a throw-in with a ball
6. Jump/landing
A Single-leg forward and backward 
jumps, landing on the same foot
B Sideways jump landing on one foot and 
alternating sides
C A few quick steps on the same spot, 
then jump forward and land on one foot
D Same as level C but change of direction 
during the jump (90° turn)
Pair exercise Two-legged jump while heading a 
football and land on two legs
The Knee Control programme (Knäkontroll, SISU 
Idrottsböcker©, Sverige, 2005) is available as a DVD/leaf-
let via www.idrottsbokhandeln.se and as a free download-
able mobile phone application via App Store, https://itunes.
apple.com and Google Play, https://play.google.com
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primary focus of the trial was on prevention of 
ACL injuries and, as a secondary outcome, acute 
knee injuries in total. The study is the largest 
sports injury prevention RCT to date, with 230 
clubs and 4564 players enrolled, and was carried 
out in eight regional football districts in Sweden. 
Clubs were randomised into an intervention group 
(Knee Control IPEP) or control group (training 
according to usual routines), with all teams from 
the same club (different age groups) randomised 
into the same group. In total 2479 players were 
randomised to the intervention group and 2085 
players to the control group. All coaches in the 
intervention group received theoretical and prac-
tical education about the IPEP before the study 
and were provided with the CD-ROM and leaflet 
describing the exercises. They were instructed to 
use the IPEP twice per week throughout the sea-
son. Data about individual and team exposure for 
training and match play in both groups were 
reported by the team coaches throughout the com-
petitive season of 2009 (7 months). Additionally, 
the intervention group coaches recorded all train-
ing sessions during which the IPEP was carried 
out over the season. All teams had a designated 
physiotherapist to assist with data collection and 
document any acute knee injuries that occurred 
during scheduled football training or match play. 
All players with acute knee injuries were exam-
ined by the team physiotherapist. If an ACL injury 
was suspected, or in unclear cases, a study desig-
nated orthopaedic surgeon (one for each district) 
was consulted for further examination and refer-
ral to MRI if deemed necessary.
The main results of the RCT are summarised in 
Table 71.2. During the season 96 acute knee inju-
ries in 92 players were reported, including 21 ACL 
injuries in 21 players (0.46% of players). This 
shows that although a considerable problem, acute 
knee injuries, and ACL injuries in particular, are 
not an epidemic in girls’ football. When evaluating 
IPEP effect, the rate of ACL injury was 64% lower 
in the intervention group compared to the control 
group (Fig. 71.3). A significant reduction in the 
rates of severe knee injury (more than 4 weeks 
absence from play) and any acute knee injury, by 
82% and 47%, respectively, was seen in players 
who had completed the IPEP at least once a week.
71.2.3  Compliance Is Key 
for Successful Injury 
Reduction
The association between team and player compli-
ance with the IPEP and injury rate reductions was 
also evaluated [6]. All intervention group coaches 
registered team and player execution of the IPEP 
throughout the season. Based on their number of 
executed IPEP sessions, teams and players were 
stratified into tertiles of compliance (low, inter-
mediate and high), and injury rates were then 
compared between the three groups.
Overall, intervention group teams completed 
the IPEP in 79% of all training sessions, or an 
average of 1.4 IPEP sessions per week (recom-
mended weekly dosage two sessions). Teams in 
the low-, intermediate- and high-compliance 












Intention to treat analysis









48 (1.94) 44 (2.11) 0.92 
(0.61–1.40)
Sub-group analysis of 
compliant players









18 (1.38) 44 (2.11) 0.53 
(0.30–0.94)*
ACL anterior cruciate ligament, CI confidence interval, 
RCT randomised controlled trial
*Statistically significant at p < 0.05
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groups used the IPEP in 63%, 82% and 89% of 
their training sessions, respectively.
When studying associations with injury rates, 
the low-compliance group was used as reference, 
and in comparison, players in the high- compliance 
group had an 88% reduction in ACL injury rate. 
Compared with players in the low- compliance 
group, the high-compliance and intermediate-
compliance groups also had significantly lower 
rates of severe knee injuries (90% and 83%, 
respectively) and acute knee injuries in total (72% 
and 74%, respectively). Worth noting is that there 
were no differences in injury rates between play-
ers in the low-compliance group compared with 
those in the control group. This indicates that 
sporadic use of the IPEP does not provide an 
injury-preventive effect.
A noteworthy finding was that compliance 
with the IPEP deteriorated over the season, on 
average by 3% each month on team level. At the 
same time, player attendance at training also dete-
riorated, by 2% each month, which means that the 
individual player was even less likely to achieve a 
sufficient number of IPEP sessions to gain a pre-
ventive effect. This raises questions about how to 
improve compliance with and maintenance of the 
IPEP throughout the entire season. It also shows 
the importance of not only frequent use of the 
IPEP by team coaches but also enhancing player 
attendance at training sessions, to increase the 

























Fig. 71.3 Cumulative 
survival curve showing a 
64% lower ACL injury 
rate in the intervention 
group compared with 
the control group
Fact Box 1 Injury preventive effect
• Teams that used the Knee Control IPEP 
during a season had a 64% reduction of 
ACL injuries.
• The most diligent players had the largest 
risk reduction, whereas players who 
only used the programme sporadically 
had no preventive effect.
• The rates of severe knee and any acute 
knee injury decreased in players who had 
completed the IPEP at least once a week.
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71.2.4  Analysis of Risk Factors 
for Acute Knee Injuries
We also evaluated risk factors for acute knee inju-
ries in the same RCT cohort, covering both intrin-
sic (player-related) and extrinsic (environmental) 
factors [4]. A questionnaire designed to capture 
intrinsic factors was filled in by all players at 
baseline. Team coaches registered player atten-
dance and football exposure and the various 
extrinsic factors (playing surface, individual 
playing time).
In summary, the most important extrinsic risk 
factor was playing matches, with acute knee 
injury and ACL injury rates in matches being 15 
and 9 times higher, respectively, than in training. 
Furthermore, girls who played additional matches 
with teams with older players in their club had a 
threefold higher risk of injury in those matches as 
compared with playing with their own team. 
Only 16% of all acute knee injuries occurred in 
training, which shows that football practice in 
these age groups is fairly safe from a knee-injury 
perspective (Fig. 71.4). We evaluated the influ-
ence of playing surface on acute knee injuries 
and found no difference in injury rates when 
playing on natural grass compared to artificial 
turf. As for intrinsic risk factors, higher age 
(>14 years) and menarche were associated with 
an increased knee injury rate. Both histories of 
previous acute knee injury and current knee 
injury (ongoing knee complaints at the start of 
the season) increased the risk of sustaining a new 
acute knee injury during the season. The stron-
gest risk factor for ACL injury was familial dis-
position; players with a parent or sibling with 
ACL injury had a fourfold increased ACL injury 
rate. Other player-related factors such as stature 
and body mass had no association with knee 
injury occurrence.
71.2.5  Evaluating Effects 
on Performance
If we can show effects on performance in addi-
tion to injury-preventive effects, coach and player 
buy-in of IPEPs may improve. Accordingly, the 
effect of knee control on football-relevant perfor-
mance was studied in an RCT with four girls’ 
adolescent football teams (41 players) [7]. The 
two intervention teams used the IPEP twice 
weekly for 11 weeks, and the control teams fol-
lowed their usual practice routines. At baseline 
and follow-up, players were tested using a bat-
tery of performance tests covering balance (star 
excursion balance test), jump ability (triple-hop 
for distance and countermovement jump tests), 
agility performance (modified Illinois agility 
test) and sprint ability (10 and 20 m sprints). No 
significant effect of training with the IPEP was 
found on any of the performance tests. One pos-
sible reason for the absence of performance 
Fig. 71.4 Girls’ football practice is fairly safe from a 
knee-injury perspective. Photo: Emma Busk Winquist 
with permission
Fact Box 2 Risk factors for acute knee injuries
• Football training is fairly safe from a 
knee-injury perspective.
• The risk of injury is 10–15 times higher 
during matches.
• Girls who played additional matches 
with older teams in their club had a 
threefold increased risk of injury in 
those games.
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effects is that this IPEP focuses on proper tech-
nique and slow controlled movements, which 
might not have provided sufficient stimulus to 
induce training effects as measured with the cur-
rent performance tests, mostly requiring explo-
sive muscle actions. Another possible explanation 
is that even though teams used the IPEP as per 
recommendation, the individual player only 
 performed one IPEP session per week on average 
due to a low training attendance. We did not 
 evaluate qualitative aspects of movement control, 
muscle activation patterns, etc., and any IPEP 
effects on such measures are unknown. 
Nonetheless, the most important performance- 
enhancing effect of the IPEP is probably the 
reduction of acute knee injury risk.
71.3  Dissemination Efforts 
After the Randomised 
Controlled Trial
Following the results from the RCT showing the 
preventive efficacy of the IPEP, the Swedish FA 
and the Folksam insurance company together 
initiated a nationwide implementation of the 
Knee Control programme in Swedish football in 
2010. Efforts to disseminate the IPEP included 
information spread via the webpages of the 
Swedish FA and Folksam and development of a 
freely downloadable smartphone application 
(app) to facilitate IPEP spread and ease of use. 
The app (Knäkontroll, SISU Idrottsböcker©) is 
available for free at App Store, https://itunes.
apple.com, and Google Play, https://play.google.
com. The app has been downloaded more than 
120,000 times over the last 4 years since its 
launch in October 2012. In the app suggestions 
for general warm-up before the IPEP were 
added to the programme to increase player and 
coach buy-in. Additionally, physiotherapists 
within national sports physiotherapy organisa-
tions and networks were recruited to engage in 
educational workshops for coaches and football 
teams in all 24 regional districts in Sweden. 
Financial and logistical support to arrange edu-
cational workshops for coaches and football 
teams nationwide was offered. Educational 
workshops were also held in conjunction with 
national team football games (Fig. 71.5). 
Usually coaches and two or three players from 
each team have participated in the workshops. 
Recently the Knee Control IPEP was also incor-
porated in the Swedish FA coach education 
curriculum.
71.3.1  Evaluating the Implementation 
of the IPEP
In 2012 we followed up on the RCT to evaluate 
the implementation of the IPEP 3 years after the 
trial [8]. Web-based questionnaires were sent to 
all coaches of girls’ adolescent football teams in 
the eight districts that had participated in the 
RCT, as well as to representatives from the 
Swedish FA and the eight districts’ FAs. The 
questionnaires were based on the Reach 
Effectiveness Adoption Implementation and 
Maintenance Sports Setting Matrix (RE-AIM 
SSM) [2] and covered reach (how well spread the 
IPEP was), perceived effectiveness (regarding 
injury prevention and performance enhance-
ment), adoption (whether the coaches used the 
IPEP), implementation (how the IPEP was used) 
and maintenance (continued usage over time) of 
the IPEP. Representatives for the FAs answered 
questions about the maintenance of the IPEP and 
their efforts to disseminate the programme in the 
football community.
Fig. 71.5 The Swedish women’s national football team 
performing the Knee Control programme. Photo: Onside 
TV productions with permission
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The survey showed promising results regard-
ing IPEP spread and usage, and perceived effec-
tiveness, among the coaches. Almost all coaches 
were aware of the IPEP (reach 91–99%) and also 
used it to a high extent (adopted by 58–74% of all 
coaches). Furthermore, they reported high per-
ceived effectiveness regarding the IPEP’s injury- 
preventive and performance-enhancing effects, 
rating both at a median of 8 on a 0–10 numerical 
rating scale (10 representing the most favourable 
rating). Worth noting, however, is that IPEP fidel-
ity according to recommendations was low, with 
three out of four coaches reported having modi-
fied the programme. Common modifications 
included omitting or changing some of the exer-
cises or changing the dosage or frequency of use. 
As mentioned under Sect. 3, the Swedish FA had 
formal policies and ongoing IPEP implementa-
tion work. However, in the regional district FAs, 
as well as within the clubs, there was a lack of 
formal policies for IPEP implementation and 
education, showing that there is still work to be 
done to facilitate effective adoption and mainte-
nance of the IPEP in Swedish football (Fig. 71.6).
71.3.2  Coaches Are Key Players 
for Successful Implementation
Some modification of the IPEP could be positive 
if it facilitates higher adoption and maintenance 
over time. However, too big modifications might 
compromise the injury-preventive effect shown 
in the RCT. To learn more about coaches’ experi-
ences of the IPEP and reasons for programme 
modifications, we conducted interviews of girls’ 
football coaches. We found that the coach is 
absolutely vital for IPEP use since he or she must 
be motivated and prioritise the IPEP for the train-
ing to take place. From an ecological point of 
view, external factors may, however, affect the 
coach and facilitate or hinder his or her use of the 
IPEP. If the coach feels support from other 
coaches, players, the club and FAs IPEP usage is 
facilitated. Enough resources within the team in 
terms of economy, manpower, facilities and time 
for training also affect the possibilities for IPEP 
usage. Many coaches report low player buy-in 
and lack of support from both players and other 
coaches in their teams. Hence, many coaches 
modify the programme to improve its fit and to 
improve player buy-in, which probably facilitates 
long-term maintenance of the IPEP within the 
team, but may risk limiting the injury-preventive 
effect. Supporting the coaches and giving sug-
gestions for appropriate modifications or exercise 
progressions that do not compromise the preven-
tive effect but improve programme fit may be one 
way to address this issue.
Take-Home Message
In summary, the experiences from the Knee 
Control project in Swedish football clearly show 
that it is possible to reduce the rates of severe knee 
injuries in girls’ football. A simple low-cost IPEP, 
taking no more than 10–15 min to complete, 
reduced the rate of ACL injuries by 64%—bang 
Fig. 71.6 A girls’ football team using the Knee Control 
programme. Photo: Emma Busk Winquist with 
permission
Fact Box 3 Increasing compliance 
and fidelity for the best possible 
preventive effect
• Improve player attendance at training.
• Make IPEP usage a coach priority.
• Facilitate IPEP usage through external 
support (other coaches, players, clubs, 
football associations, resources).
• Give suggestions for appropriate pro-
gramme modifications to improve pro-
gramme fit without compromising the 
preventive effect.
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for your buck right there! Compliance with the 
exercises is key, with large injury rate reductions 
seen in the most diligent players, while players 
who only used the programme sporadically expe-
rienced no preventive effect. Increasing team com-
pliance as well as player attendance at training is 
necessary to achieve a full effect. Efforts made to 
disseminate the IPEP in Swedish football have 
shown promising results. An excellent spread and 
good adoption of the IPEP among girls’ football 
coaches were evident in our follow-up 3 years 
after the intervention trial. Further, the IPEP 
mobile app is increasing in popularity with more 
than 120,000 downloads over 4 years. Continuous 
efforts with coach education and IPEP dissemina-
tion are necessary to ensure long-term mainte-
nance and adoption of the preventive training 
programme among new coaches in the future.
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72.1  The History of Women’s 
Football
Although not as old as men’s football, women’s 
football is not a new thing. Women played foot-
ball already in the nineteenth century, but the 
sport was officially and unofficially counteracted 
for a long time. The breakthrough for organized 
women’s football came as late as during the 
1970s, and to date it is the most popular team 
sport for women worldwide and is growing 
rapidly (Fig. 72.1). Early pioneers in organizing 
women’s football were the Nordic countries, fol-
lowed by the rest of Europe and North America. 
The first official European Championship was 
held in 1984 and the first official World Cup in 
1991. Finally, women’s football has been an 
Olympic sport since Atlanta 1996.
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72.2  The Menstrual Cycle
The menstrual cycle has repeatedly been dis-
cussed as a potential factor involved in injury 
causation in female athletes.
72.2.1  Menstrual Cycle Phases
Each menstrual cycle can be divided into three 
phases based on events in the ovary (ovarian 
cycle) or in the uterus (uterine cycle). There are 
some inconsistencies in the terminology used, 
but usually the ovarian cycle is divided into the 
follicular phase, ovulation, and the luteal phase, 
whereas the uterine cycle is divided into the 
menstruation phase (menses), the proliferative 
phase, and the secretory phase. The menstrua-
tion phase always starts the first day of the 
menstrual bleeding and goes on for the next 7 
days. The luteal/secretory phase is sometimes 
further divided into the postovulatory (secre-
tory) phase and the premenstrual phase 
(Fig. 72.2). The luteal phase is most often of 
the same length (14 days), but the follicular 
phase tends to show more variability. The typi-
cal length of the menstrual cycle in adults thus 
varies between 21 and 35 days (the average 
cycle length being 28 days).
72.2.2  Menstrual Cycle Regulation
The menstrual cycle is regulated by the hypothal-
amus, and some of the hormones involved are 
gonadotrophin-releasing hormone (GnRH), 
follicle- stimulating hormone (FSH), luteinizing 
hormone (LH), estradiol (the most potent estro-
gen), and progesterone (Fig. 72.2). The female 
sex hormone levels are low at cycle day 1, but 
then FSH begins to increase and stimulates the 
development of a group of follicles which pro-
duce estradiol. Estradiol inhibits further produc-
tion of FSH and stimulates LH secretion which 
results in a large peak the day before ovulation, 
the LH surge. The empty follicle creates the cor-
pus luteum which produces both progesterone 
and estradiol resulting in peaks in the middle of 
the luteal phase. If fertilization does not occur, 
the hormone levels fall, and this initiates the 
breakdown of the endometrium which leads to 
the next menstrual bleeding. A normal blood loss 
should be below 80 ml, whereas females with 
larger blood losses, metrorrhagia, is at risk of 
developing iron deficiency. Since low iron levels, 
and sometimes even anemia, is not uncommon in 
female football players [1], it is important to 
include blood tests for iron deficiency in the 
annual pre-participation health examination of 
the players.
72.2.3  Female Sex Hormones 
and Injuries
Several studies have investigated or discussed the 
potential association between the peri-pubertal 
hormonal influx and the hormonal variations dur-
ing the menstrual cycle and the risk of injury in 
sports.
72.2.3.1  Mechanical Properties 
of Ligaments
A frequently discussed factor in the injury causa-
tion of ligament injuries, such as anterior cruciate 
ligament (ACL) tears, is changes in the mechani-
cal properties of ligaments as a consequence of 
Fig. 72.1 Female football is growing rapidly. Photo: 
Lennart Weber with permission
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rising or high estrogen levels during and after 
puberty in females [2]. Collagen forms the major 
load-bearing structure of ligaments and is pro-
duced by fibroblasts which are known to express 
estrogen receptors in both women and men. 
Although controversial, there is some evidence 
that estrogen affects the metabolic and mechani-
cal properties of the ACL negatively which can 
lead to decreased tensile strength and stiffness in 
the ligament and in turn lower ability to with-
stand high loading [2].
Moreover, the role of laxity as a risk factor for 
knee ligament injuries is still debated, but some 
studies have identified increased anterior knee lax-
ity during the ovulatory and luteal phases which 
might be of importance in injury causation [3, 4]. 
Any increased laxity during the second half of the 
menstrual cycle is likely mediated by relaxin, 
which is a peptide hormone produced by the cor-
pus luteum in the nonpregnant woman [5]. Relaxin 
receptors are found on the human ACL in women, 
but not in men, but the exact mechanism by which 
relaxin alters the mechanical properties of the 
ACL has yet to be elucidated. The most plausible 
mechanism is a long-term exposure effect of high 
relaxin levels in some women which leads to 
decreased ligament integrity and failure [5].
72.2.3.2  Menstrual Cycle Phase 
and Risk of Injury
The pioneer study in this field was carried out on 
86 football players in the three highest divisions 
in Sweden in 1984 [6]. In that study, the risk of 
traumatic injury was found to be significantly 
higher during the premenstrual and menstrual 
phases. In contrast, no difference in the risk of 
low back pain was seen between the menstrual 
cycle phases in a questionnaire study on 261 
players in the three highest divisions in Sweden 
[7]. Thereafter, most research has focused on 
sports-related ACL injuries, and although several 
studies have identified a periodicity in ACL 
 injuries during the menstrual cycle, especially for 
noncontact injuries, findings are equivocal with 
little consensus on the association between men-
strual cycle phase and injury risk. In a systematic 
review on seven studies published between 1998 
and 2003 on different sports such as football, bas-
ketball, handball, and skiing, some evidence for 
an increased injury rate during the preovulatory 
first half of the menstrual cycle was identified [8]. 
Most of the included studies were, however, 
associated with severe methodological limita-
tions such as small cohorts, lack of stratification 































Day of menstrual cycle
Fig. 72.2 Phases of the 
menstrual cycle (uterine) 
with corresponding 
hormone levels. Figure 
used with permission
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or not, inadequate methods of determining the 
cycle day, and lack of control groups. In addition, 
it has been assumed that the included women 
have regular 28-day menstrual cycles despite the 
fact that inter- and intra-woman cycle variability 
is large [9]. Menstrual dysfunction such as 
anovulatory cycles and luteal phase defects in 
spite of regular bleedings are also not taken into 
consideration [9]. Taken together, no definitive 
conclusions can be drawn in terms of the associa-
tion between menstrual cycle phase and ACL 
injury based on current knowledge.
72.2.3.3  Oral Contraceptives and Risk 
of Injury
The traditionally combined OC contains both 
estrogen and progesterone and acts mainly through 
negative feedback on the secretion of GnRH, FSH, 
and LH. Whereas continuous estrogen has a strong 
inhibitory effect on the follicle development and 
ovulation, there is a dose- response relationship for 
progesterone where low doses inhibit ovulation in 
about 50% of cycles, intermediate doses inhibit 
ovulation in close to 100% of cycles, and high 
doses completely inhibit follicular development 
and ovulation. In traditional combined OCs and in 
high-dose progesterone- only OCs, the cycles are 
anovulatory without any hormonal fluctuations, 
and any possible effect of the menstrual cycle 
phase on the risk of injury is therefore dissociated 
since no periodicity is present. In the aforemen-
tioned Swedish study, players who used OCs had 
fewer injuries than those who did not use OCs [6]. 
Moreover, there was no increased risk of injury in 
OC users during the premenstrual and menstrual 
phases as seen for players without OCs [6]. The 
main dilemma here is, however, that these findings 
have not been reproduced in other studies and that 
most studies that include data on OC use have not 
registered or not reported on the different types of 
OCs used.
72.2.3.4  Premenstrual Symptoms
Premenstrual symptoms (PMS) is defined as phys-
ical and psychological discomforts during the pre-
menstrual phase that disappears at the time of 
menstruation. The vast majority of women in fer-
tile age experience at least one premenstrual symp-
tom such as tender breasts, tiredness, irritability, 
and mood changes. Women with PMS have shown 
to suffer from impaired motor control during the 
premenstrual phase compared with women with-
out PMS [10]. Similarly, women with PMS have 
displayed increased postural sway on an ankle disc 
and higher threshold to detection of passive motion 
(kinesthesia) of the knee joint [11]. The inferior 
knee kinesthesia was especially shown to be pres-
ent in the premenstrual phase [12]. Using OCs 
may therefore theoretically be advantageous for 
females who are negatively affected by their men-
strual cycle as they may provide a stable and con-
trollable hormonal milieu [13].
72.2.3.5  The Female Athlete Triad
The term female athlete triad consists of disordered 
eating, menstrual dysfunction, and low bone mass 
[14]. Although prevalent in some sports, it appears 
to be less frequent in women’s football. In a study 
on Norwegian elite athletes, the frequency of self-
reported eating disorder among the 69 female foot-
ball players was 5.9% and of menstrual dysfunction 
9.3%, but no player fulfilled all criteria for the triad 
[14, 15]. Both these numbers were lower than 
among endurance athletes and controls. Menstrual 
dysfunction also seems to be less associated with 
low bone mass in football players as compared 
with endurance athletes and controls [14].
72.3  Aspects on Anthropometry 
and Physiology
In many sports, men and women compete under 
different conditions. For example, women play 
fewer sets in tennis, they need fewer points to win 
a set in badminton, and in athletics less weight is 
used for females in disciplines such as javelin, 
Fact Box 1
The menstrual cycle is a basic difference 
between men and women and has repeatedly 
been discussed as a potential factor involved 
in injury causation in female athletes.
Currently, the findings in the literature 
are equivocal with little consensus on the 
association between menstrual cycle phase 
and injuries.
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discus, and shot put. Similarly, the ball is lighter 
and smaller for women in popular team sports 
such as handball and basketball, whereas men 
and women use the same size football.
In a recent review, the anthropometry of female 
elite players was on average 161–170 cm and 
57–65 kg [16]. In addition, female players have 
lower maximum oxygen uptake and perform less 
high-intensity running activities than their male 
counterparts [16, 17]. Interestingly, it has been sug-
gested that because of inferior technical abilities in 
women (i.e., they lose the ball more often and dis-
play lower pass completion rates), they are forced 
to work less efficiently than men, which in turn 
may result in greater accumulated fatigue [18]. It 
is, however, unclear from the literature if these sex- 
related  differences influence the risk of injury and 
return to play (RTP) issues, especially since men 
and women do not compete against each other.
72.4  Injury Rate in Women’s 
Football
The injury rate has been studied extensively in men’s 
football, but to a lesser degree in women’s football. It 
is difficult to compare injury rates between women 
and men from the existing literature due to differences 
in study design, injury definition, and populations. 
Some studies, however, provide injury rate estimates 
from both women’s and men’s football using identi-
cal injury surveillance methods (Table 72.1).
Table 72.1 Injury rates in adult women’s versus men’s football from studies comparing injury rates between sexes 













F: 1.94/match; M: 2.34/match
F: 2.46/match; M: 2.32/match
0.83
1.06
Hägglund et al. [20]
Waldén et al. [21]
EC 2004–2008 Time loss F: 2.5/1000 h training; M: 2.4/1000 h training
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0.57





Time lossa F: 0.7/1000 h; M: 0.6/1000 h 1.17







F: 5.23/100 players; M 6.83/100 players 0.77
College football
Agel et al. [25]




Time loss F: 5.23/1000 AEs training; M: 4.34/1000 AEs training
F: 16.44/1000 AEs match; M: 18.75/1000 AEs match
1.21
0.88
Chandran et al. [27] NCAA schools 
2004–2009 
(6 years)
Time loss F: 5.01/1000 AEs training; M: 5.06/1000 AEs training
F: 14.36/1000 AEs match; M: 17.18/1000 AEs match
0.99
0.84





F: 5.69/1000 AEs training; M: 5.47/1000 AEs training
F: 17.04/1000 AEs match; M: 17.53/1000 AEs match
1.04
0.97
AE athlete exposure, EC European Championship, F female, FA Football Association, M male, NCAA National 
Collegiate Athletic Association, OG Olympic Games, WC World Cup
a>15 days absence
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72.4.1  International Tournaments
Injury surveillance has been implemented as a 
matter of routine during major international tour-
naments such as the World Cups, Olympic 
Games, and European Championships over the 
last two decades [19–21]. As seen in Table 72.1, 
the injury rates in these tournaments appear to be 
fairly even between the sexes, with the female-to- 
male ratio being 1.05 in training and ranging 
from 0.83 to 1.06 in matches (Fig. 72.3).
72.4.2  Club Level Football
Comparisons for club level football were possi-
ble in two prospective studies from Sweden and 
Luxembourg and one from the Royal Belgian 
Football Association database. This yielded 
somewhat conflicting results with the Swedish 
study reporting 19–43% lower injury rates in 
women [22] and the Belgian study a 23% lower 
injury rate in women [24]. In contrast, the study 
from Luxembourg, including only moderate and 
severe injuries, reported a 17% higher injury 
rate in women [23]. Worth noting is that in the 
aforementioned Swedish study, no difference in 
the rate of severe injuries was found between the 
sexes [22].
72.4.3  Collegiate Football
The most comprehensive comparable injury sur-
veillance dataset comes from collegiate football 
in the United States, where in total 27 years of 
National Collegiate Athletic Association 
(NCAA) injury surveillance data were available 
[25–28]. The NCAA data also indicate fairly 
similar injury rates between the sexes; the female-
to-male rate ratios ranging from 0.99 to 1.21 in 
training and from 0.84 to 0.97 in matches.
72.5  Injury Pattern in Women’s 
Football
Hamstring injury has recently been shown to be 
the most common injury in both men’s and wom-
en’s elite football without any apparent sex- 
related differences in terms of injury rates [22]. 
However, some other injury types such as 
 concussions, ACL injuries, and stress fractures 
are more frequent in female players, whereas 
groin injuries on the other hand is more fre-
quently encountered in males.
72.5.1  Concussion
A review on potential sex-related differences in 
concussion rates concluded that female football 
players were more prone to concussion than 
males in three out of four included studies [29]. 
One of the studies in that review, conducted on 
20 international tournaments such as the World 
Cup and Olympic Games, quantified the concus-
sion rate to be 2.4 times higher among female 
players [30]. A subsequent study on 191 reported 
concussions among US intercollegiate football 
players between 2009 and 2014 confirmed an 
approximately doubled concussion rate in female 
players [31].
In addition to a higher concussion rate, female 
youth and senior players perform worse than 
Fig. 72.3 The injury rate in women’s football is similar 
to that in men’s football. Photo: Lennart Weber with 
permission
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male players on neurocognitive testing after a 
concussion [32]. Moreover, some cognitive fac-
tors were still impaired in female university play-
ers 6–8 months after a concussion [33]. These 
findings are supported by the results in a meta- 
analysis of eight studies investigating traumatic 
brain injury among women and men showing 
worse outcomes in women for 17 out of 20 mea-
sured variables [34].
72.5.2  ACL Injury
Female athletes participating in jumping, cutting, 
and pivoting sports have historically been attrib-
uted to be four to six times more susceptible to 
ACL injury compared with males [35]. Most of 
the studies comparing injury characteristics 
between sexes have been carried out on college 
athletes in the United States in different sports 
[36–42]. From these studies, however, the risk 
increase among the female football players in this 
age group, typically 18–22 years, appears to be 
lower than the often cited four to six times higher 
risk (Table 72.2). In another cohort from collegiate 
football 2005–2006, in which the ACL injury rate 
is reported for playing hours instead of athlete 
exposures [43, 44], there was a 3.1–3.5 higher 
ACL match injury rate in female players on both 
natural grass and artificial turf, whereas there was 
a threefold higher ACL training injury rate on nat-
ural grass with no sex-related difference on artifi-
cial turf. Similarly, a female-to-male rate ratio of 
2.6 was reported among Swedish senior elite play-
ers between 2001 and 2009 [45]. Taken together, 
female football players appear to be a two to three 
times more susceptible to ACL injury than male 
players, and this is also in line with what has been 
calculated in two independent reviews [46, 47].
The underlying causes and mechanisms 
involved in the increased risk of ACL injury in 
female football players (Fig. 72.4) are not clear 
[35, 48, 49]. Potential risk factors are often cate-
gorized as being anatomical (e.g., femoral notch 
size, joint laxity, familiar predisposition, previous 
ACL injury, etc.), developmental/hormonal (e.g., 
female sex, maturation status, menstrual status, 
etc.), and biomechanical/neuromuscular (e.g., 
knee abduction, hamstring recruitment, etc.). In 
studies involving football players, female players 
have shown greater joint laxity [50], and they tear 
the ACL in the nondominant (supporting) leg 
more often than male players [51]. The strongest 
risk factor, however, appears to be a previous 
injury. In a study on 143 female elite players in 
Germany, 19 players (13%) had a history of 
Table 72.2 ACL injury rates per 1000 AEs among female and male collegiate football players
Setting No. of ACL injuries ACL injuries/1000 AEs F/M ratio
Agel et al. [36] NCAA schools 1990–2002 F: 394; M: 192 F: 0.31; M: 0.11 2.8
Agel et al. [37] NCAA schools 2004–2013 F: 71; M: 26 F: 0.10; M: 0.04 2.6
Arendt and Dick [38] NCAA schools 1989–1993 F: 178; M: 81 F: 0.31; M: 0.13 2.4
Arendt et al. [39] NCAA schools 1994–1998 F: 158; M: 77 F: 0.33; M: 0.12 2.8
Beynnon et al. [40] Vermont colleges 2008–2012 F: 11; M: 6 F: 0.39; M: 0.19 2.1
Harmon and Dick [41] NCAA schools 1989–1997 F: 194; M: 123 F: 0.32; M: 0.12 2.6
Mihata et al. [42] NCAA schools 1989–2004a F: 457; M: 212 F: 0.32; M: 0.12 2.7
ACL anterior cruciate ligament, AE athlete exposure, F female, M male, NCAA National Collegiate Athletic Association
aThe 1996–1997 season was not included
Fig. 72.4 Female football players are more susceptible to 
anterior cruciate ligament injuries. Photo: Lennart Weber 
with permission
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 previous ACL injury, and these players were five 
times more likely to tear the ACL compared with 
the previously uninjured players [52].
72.5.3  Stress Fracture
A stress fracture represents the ultimate failure of 
the bony skeleton to absorb and withstand  repetitive 
bouts of mechanical loading. In general, it is 
believed that women are more susceptible to stress 
fractures of the lower extremities than men [53]. 
There are, however, no comparative studies 
between sexes in football, but a few studies on 
female players have reported the  prevalence of hav-
ing a history of football-related stress fracture. In a 
large questionnaire study from Norway, 13% of the 
female football players reported a history of stress 
fractures [14]. This finding was later supported by 
another study on a subset of 64 female college and 
professional players where 11% reported a history 
of lower extremity stress fracture [54].
72.5.4  Groin Injury
Injury to the hip and groin area is one of the “big 
four” in male footballers, but constitutes a sub-
stantially smaller problem in female players. 
Regardless of the injury definition, study design, 
setting, and playing level, the groin injury rate 
appears to be more than doubled in male players 
[55]. Possible reasons for this sex-related differ-
ence in groin injury rate might include both inter-
nal factors (e.g., differences in pelvic anatomy, 
inherent occurrence of abdominal wall weakness 
in men, etc.) and external factors (e.g., working 
load, playing style, playing intensity, etc.).
72.6  Financial Resources 
and Medical Support
Women’s and men’s football are two completely 
different sports from a resource point of view, 
especially at the higher playing levels in club 
level football. In the big international tourna-
ments, the medical support is similar, but at the 
elite and sub-elite club level in women’s football, 
it is less developed compared with men’s 
football.
72.6.1  Financial Resources
The professional status and the financial 
resources in women’s football are very different 
compared with the men’s game. In 2015, the 
Union of European Football Associations 
(UEFA) had 2219 registered professional 
female players in Europe [56]. In that report, 
the top five women countries (Germany, France, 
England, Sweden, and Norway) had each an 
average of 175 professional female players and 
approximately ten clubs that could sign profes-
sional contracts. Consequently, many elite play-
ers need to work at least part time to earn 
enough money for their daily living. Similarly, 
it is also important for women to secure an edu-
cation since most players are far from obtaining 
an income that provide them with financial 
security for a lengthy period after the playing 
career. Because of the working obligations or 
school-related activities, many high-level 
female players thus have a tight daily schedule 
with limited time for recovery and increased 
propensity for fatigue. This combination can 
negatively affect the players both mentally [57, 
58] and physically [58].
It should, however, be acknowledged that the 
financial situation nowadays is good in some of 
the top-level women teams in Europe, often as an 
effect of being supported by the men’s team in 
the same club. Many of these clubs invest in an 
essentially full-time professional squad also on 
the women’s side and thereby increase the 
chances for proper recovery and less fatigue. 
Still, however, the salaries in women’s elite play-
ers are not comparable to the men’s.
Fact Box 2
The overall injury rate in women’s football 
players is similar to that in men’s football 
players in most comparing studies.
Concussions, ACL injuries, and stress 
fractures are, however, more commonly 
reported in females than in males, whereas 
the reverse trend is seen for groin injuries.
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72.6.2  Medical Support
Today, the biggest men’s professional football 
clubs have a whole department in the “team behind 
the team” with managers, coaches, medical practi-
tioners, sports scientists, nutritionists, psycholo-
gists, kit managers, etc. The medical team 
employed by the club usually consists of at least 
one part-time or full-time doctor and several full-
time physiotherapists and sports masseurs. In con-
trast, many/most women’s elite clubs may have 
access to only part-time physiotherapists (or mas-
seurs) some days per week, with the doctor usually 
being present at the home matches and perhaps at 
one to two training sessions a week. This means 
that there is not always a qualified medical practi-
tioner present who is able to take care of and estab-
lish the diagnosis of the injury immediately which 
in turn might influence the expected time being on 
the sidelines and the RTP decision. Similarly, 
lower club medical support in the last rehabilita-
tion phase and in the first critical phase after RTP 
means that the player needs to rely much on her-
self and on advice from the coaches. Consequently, 
the level of medical support around the elite clubs 
in women’s football needs to be improved to 
resemble the organization in men’s elite clubs.
72.7  Safe Return to Play
The responsible medical practitioner always need 
to be prepared for the “when can I play again?” 
question from the injured player [59]. Ideally, and 
regardless of what type of injury, a safe RTP with a 
low subsequent risk of reinjury is most often in the 
best interest of the club, the coach, and the player. 
It is, however, well known that release for RTP 
after injury/surgery is a complex process depend-
ing on both medical and nonmedical factors [60]. It 
is therefore imperative that a qualified and experi-
enced medical practitioner rule the decision about 
when releasing a player for RTP, but preferably he/
she does this in collaboration with, e.g., the player 
and the coach [59]. Theoretically, there could be a 
higher risk of compromises in this respect in wom-
en’s football because of, e.g., smaller and more 
heterogeneous squads in which the team is more 
dependent on its key players.
Taking the female football injury, ACL injury, 
as an example why a safe RTP is important, we 
know that a previous ACL injury is the strongest 
risk factor for incurring a new ACL injury [52]. 
Unfortunately, this risk of subsequent ACL injury 
after ACL reconstruction seems to be higher 
among female football players compared with 
other female athletes [61]. Also, the risk of sub-
sequent ACL injury appears to be higher among 
female football players compared with males [62, 
63]. The risk of reinjury is highest within the first 
24 months after ACL reconstruction, and the 
average release for RTP after approximately 6 
months as reported in a few studies involving 
female players might be riskful in this respect 
[45, 64]. Interestingly, there is recent evidence 
against the traditional time-based RTP algorithm 
of 6 months in football and other similar team 
sports [65]. In that study on 100 ACL- 
reconstructed athletes (approximately half of 
them being football players), the reinjury rate 
was significantly reduced by 51% for each month 
RTP was delayed until 9 months after surgery, 
after which no further reduction was noted.
Finally, ACL injury is a severe injury for a 
footballer, and not all players do, or should, 
return to the pitch after ACL injury [45, 61–63]. 
This information, including the effects on the 
long-term knee prospects, should therefore 
always be included in the proper counseling of an 
ACL-injured football player. In addition, of those 
football players who choose to undergo ACL 
reconstruction, fewer women than men return to 
the pitch [45, 62, 63]. The underlying reasons for 
this sex-related discrepancy are essentially 
unknown and need to be investigated further in 
future research.
Fact Box 3
Release for RTP after injury or surgery is 
known to be a difficult and complex pro-
cess depending on both medical and non-
medical factors.
A safe RTP after ACL injury is a main 
treatment goal because of the high risk of 
further ipsilateral and contralateral knee 
injury.




Female football is rapidly growing worldwide, 
but as a physically demanding contact sport, it 
has a high inherent risk of injury. The overall 
injury rate in women’s football appears to be 
comparable to that in men’s football, but the 
injury pattern differs somewhat. Concussions, 
ACL injuries, and stress fractures are more fre-
quent among female players, whereas groin inju-
ries are less frequently encountered.
The release for RTP after injury is a complex 
process which is reflected by an unacceptably 
high risk of subsequent injury for some injuries 
such as ACL injury in female players. There is 
also some evidence that female players perform 
worse on neurocognitive testing after a concus-
sion and that they can suffer from prolonged cog-
nitive impairments. It could thus for these events 
be wise to practice a “better safe than quick” 
algorithm instead of meeting the frequent wish of 
the player and coach to go back to pitch as early 
as possible.
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73.1  Introduction
Football is the most popular team sport world-
wide. According to the Federation of International 
Football Associations (FIFA) Big Count in 2007 
[1], it was estimated that almost 60% of all regis-
tered players in the world were under the age of 
18 (Fig. 73.1). The number of registered players 
increased by 7% from 2000 to 2006 in this sur-
vey. In general, this trend is positive because 
playing football is a health-promoting activity, 
but there is also an inherent risk of injury due to 
its physical nature.
73.1.1  Ball Size
The ball is lighter and smaller for female adoles-
cent and senior players in other popular team 
sports such as handball and basketball, but male 
and female football players, regardless of age, 
play with the same ball. The ball is spherical and 
made of leather or other suitable material, and the 
characteristics such as circumference, weight and 
inflation pressure are regulated by the Laws of 
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the Game. The youngest players (<8 years) use a 
size 3 ball with a circumference of 58–61 cm, a 
weight of 310–340 g and a pressure as suggested 
by the manufacturer. Players aged 8–12 years 
commonly play with a size 4 ball having a cir-
cumference of 64–66 cm, a weight of 350–390 g 
and also here a pressure as suggested by the man-
ufacturer. Adolescent players from 13 to 15 years 
(varies slightly from country to country) use a 
size 5 ball, as in senior players, with a circumfer-
ence of 68–70 cm, a weight of 410–450 g and a 
pressure of 59–108 kPa.
73.2  Childhood and Adolescence
Participation in sports and physical activity as 
a child and adolescent is important for several 
reasons such as social development, learning 
in school, gaining high bone mass and avoid-
ing overweight and other lifestyle-related 
disorders.
73.2.1  Childhood
Childhood is the age span from birth to adoles-
cence beginning with the toddlerhood stage 
where the child becomes familiar with playing 
ball as part of the natural development. Thereafter, 
during the early childhood stage, many children 
start playing organised football in school or in a 
club between the ages of 5 and 7 years. Before 
puberty, girls and boys have similar anthropom-
etry, and there are almost no sex-related differ-
ences in the fat and muscle distribution.
73.2.2  Adolescence
Even if a precise definition is difficult to find, the 
adolescence represents a transitional stage of 
physical and psychological development that 
lasts from approximately the start of puberty to 
adulthood. Puberty is a period of several years in 
which the rapid physical growth occurs. The 
average age of onset of puberty is 10–11 years for 
girls and 12–13 years for boys. The major land-
mark of puberty in girls is menarche, which usu-
ally occurs between 12 and 13 years in developed 
countries [2].
During the peak height velocity, which typi-
cally occurs approximately half a year before 
menarche in girls, adolescents can grow up to 
10 cm in a year. The head and distal extremities 
are the first locations to grow, followed by the 
rest of the arms and legs, and finally the torso and 
shoulders. Consequently, this non-uniform 
growth contributes to why an adolescent body 
may seem out of proportion. In addition to the 
rapid changes in height, adolescents also experi-
ence a significant increase in weight during the 
growth spurt. Briefly, boys grow muscle more 
and faster, whereas the increase in body fat is 
more significant for girls. Girls have usually 
reached full physical development with closed 
physes of the long bones by 14 years, while boys 
usually need another 1-2 years.
73.3  Injury Rate in Youth Football
Compared with the scientific literature on inju-
ries in senior football, studies on injuries in youth 
football are scarce, especially in players younger 
than 12 years. In general, it is difficult to compare 
injury rates between youth and senior players 
from the existing literature due to substantial 
methodological differences between studies and, 
likely, in the way players report an injury or time 
loss from play.
Fig. 73.1 More than half of all registered football players 
in the world are below 18 years (Photo: Emma Busk 
Winquist with permission)
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Only a limited number of studies have pro-
vided injury rate estimates from both youth and 
senior players in a club setting, using identical 
injury definition and surveillance methods 
(Table 73.1). All of these studies except one 
included male players exclusively; the study with 
players of both sexes found an injury rate of 
80.1/1000 match hours and 11.9/1000 training 
hours in females older than 17 years and 
51.7/1000 match hours and 7.0/1000 training 
hours in females younger than 17 years, respec-
tively [6].
73.3.1  Injury Rate in Children
In general, children’s football is a safe sport charac-
terised by a low overall injury rate without any 
apparent sex-related differences. It has been shown 
that the injury rate among 6- to 12-year- old players 
was lower than in players aged 13–16 years (1.6 vs. 
2.6 injuries per 1000 h) [9]. Increasing injury rate 
with increasing age was also found in a more recent 
study on injuries in players up to 12 years, the lowest 
rate being noted in the 7- to 8-year-old players and 
the highest in the 11- to 12-year-old players [10].
Table 73.1 Injury rates in male youth and senior players from studies using the same surveillance method
Setting Participantsa Injury definition Injury rate/1000 h
Hawkins and Fuller 
[3]




Time loss 25.9 match; 3.4 
training (seniors)
37.2 match; 4.1 
training (youths)


























2 domestic federations 
in New Zealand (2006)
880 seniors and 
youths (>12 years)
Medical attention or 
time loss
62.0 match; 14.3 
training (>17 years)
36.8 match; 6.8 
training (<17 years)
Nielsen and Yde 
[7]
1 amateur club in 
Denmark (1986)
93 seniors (>18 years)
30 youths 
(16–18 years)
Time loss 18.5 match; 2.3 
training (seniors 
division II)
11.9 match; 5.6 
training (seniors 
series)
14.4 match; 3.6 
training (youths)
Peterson et al. [8] 20 clubs of variable 
levels in the Czech 
Republic (1998)
84 seniors (>18 years)
180 youths 
(14–18 years)






aPlayer ages not reported in the study
bInjury defined as resulting in at least one of the following: a reduction in the amount of football activity, a need for 
advice or treatment or adverse social or economic effects
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73.3.2  Injury Rate in Adolescents
The injury rate in 13- to 19-year-old adolescents 
appears to be essentially constant during training 
with rates reported to be between 1 and 5 inju-
ries/1000 h. The injury rate during match play is 
higher than during training, 15–20 inju-
ries/1000 h, and seems to increase slightly with 
increasing age [11].
73.3.2.1  International Tournaments
In a study on 12 different European 
Championships between 2006 and 2008, the 
time-loss match injury rates were similar for the 
men’s U-17, men’s U-19 and women’s U-19 
tournaments (20.5–23.3/1000 h), whereas it was 
higher in the senior tournaments of men’s U-21 
and men’s EURO (33.9–41.6/1000 h) [12]. In 
another study on 53 different tournaments, such 
as the Olympic Games and World Cups, between 
1998 and 2012, the lowest injury rates were 
found in the women’s and men’s U-17 World 
Championships (on average 0.7–0.9 time-loss 
injuries/match), whereas the highest injury rate 
was identified for the men’s World Cups (on 
average 1.5 time-loss injuries/match) [13].
73.3.2.2  The Influence of Ball Size
Because of sex-related differences in, e.g. anthro-
pometry, muscle mass and feet size, it has been 
suggested that female adolescent players should 
use a smaller and lighter ball than their male 
counterparts. A few studies have investigated this 
(ball circumference 64 cm, 95% of standard size 
5 ball, weight 360 g) from both performance and 
injury perspectives in female adolescent players 
[14, 15].
With this new ball, it was found that the kick-
ing speed among female adolescent players was 
higher, but there were no differences in 
technical- tactical and physical performance. 
The players, however, experienced a lower per-
ceived exertion after playing with the new ball 
than with a standard ball [14]. This could theo-
retically influence the risk for fatigue-related 
injuries, such as muscle injuries that often occur 
at the end of match halves. However, another 
study from Denmark found no differences in the 
risk of injury among 15- to 18-year-old girls 
playing with the smaller and lighter ball com-
pared with a standard ball [15]. Further studies 
in this area are thus needed.
73.4  Injury Pattern in Youth 
Football
Approximately three-quarter of all injuries in 
youth players have been categorised as being 
traumatic in their nature, and the same propor-
tion of injuries are located to the lower extremi-
ties [11]. Injuries to the upper extremities are 
relatively more frequent in players younger than 
15 years, mainly attributed to fractures. 
Moreover, players younger than 15 years suffer 
more head/face injuries and fewer ligament 
sprains and muscle strains than senior players, 
whereas older adolescent players have about the 
same injury characteristics as senior players 
(Fig. 73.2).
Fig. 73.2 Youth players older than 15 years have similar 
injury characteristics as senior players (Photo: Emma 
Busk Winquist with permission)
Fact Box 1
The risk of injury in children’s football is 
low but increases with age and is similar in 
skeletally mature adolescent players to that 
in senior players.




In a review on injuries in youth football, head/
face injuries accounted for about 4% of all inju-
ries [11]. In a more recent prospective study, 6% 
of all football injuries were inflicted to the head/
face, and these injuries were twice as common in 
7- to 10-year-old players compared with 11- to 
12-year-old players [10].
Concussion is a common injury for youth ath-
letes who participate in contact and collision 
sports, accounting for 3–8% of all injuries pre-
senting to the emergency departments [16]. 
Specifically in football, as studied among US 
high school players, the concussion rate has been 
reported to be higher among female players than 
in male players [17]. Nevertheless, under- 
reporting is probably an issue in the young player 
since concussion symptoms may be hard to rec-
ognise for both players and coaches. Players may 
also be unwilling to report them due to anxiety of 
being taken out of the game. A high level of sus-
picion is therefore advised when a young player 
sustains any direct or indirect trauma to the head 
and displays somatic, cognitive or emotional 
symptoms afterwards (Table 73.2). Fortunately, it 
appears that educational activities have the poten-
tial of increasing the number of players who 
would always notify their coach of concussion 
symptoms [18].
73.4.1.1  Head-to-Ball Impact
It has been suggested that children are more 
prone to suffer concussion than adults because of 
their smaller heads which leads to greater head 
acceleration after impact. In addition, the neck 
muscle strength in children is not as developed as 
in adults, and it could therefore be more difficult 
for them to control the mass of the head which is 
larger relative to body size in children [19].
Currently, however, there is little evidence to 
support that purposeful heading, even in children, 
can lead to concussion or subconcussive neuro-
logical impairments in the long term [19]. In con-
trast, unanticipated head-to-ball impact, 
especially when the player has not pre-tensioned 
the neck muscles, can lead to sufficient head 
acceleration to cause concussion. In these situa-
tions, the mass and the inflation pressure of the 
ball might be important factors to consider since 
a reduction of head acceleration has been identi-
fied both for balls with decreased mass and for 
balls with decreased pressure [19]. Since head 
acceleration is lowered when impacting a foot-
ball with a lower mass (derived from Newton’s 
second law), it might be concluded that the afore-
mentioned smaller and lighter football would 
reduce the risk for head injuries in adolescent 
players [15]. It should, however, be clearly stated 
that the vast majority of football-related concus-
sions have been attributed to head-to-hard  surface 
impacts such as head-to-head clashes, head-to-
arm duels, head-to-ground falls, etc. rather than 
head-to-ball impacts.
73.4.1.2  Acute Management
A player with a suspected concussion should 
always be removed from play and evaluated by 
a trained healthcare provider as soon as possi-
ble using standard emergency management 
principles. Suspicion of concomitant cervical 
spine injury and skull fracture is advocated. 
The use of the Sport Concussion Assessment 
Tool 5th edition (SCAT5©) for players aged 13 
years and older, and Child-SCAT5© for play-
ers aged from 5 to 12 years is highly recom-
mended [20]. It is also important to recognise 
that a player can be seemingly alert and “symp-
tom-free” directly after the impact but can 
Table 73.2 Possible concussion symptoms and signs in 
youth football players
Symptoms Signs
Headache Appears dazed or stunned
Nausea or vomiting Forgets an instruction
Balance problems or 
dizziness
Is unsure of game, score or 
opponent
Double or blurry vision Slowed reaction times
Sensitivity to light or 
noise




Concentration or memory 
problems
Loss of consciousness 
(even briefly)
Does not “feel right” or is 
“feeling down”
Shows mood, behaviour or 
personality changes
Sleep disturbance Antegrade or retrograde 
amnesia
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develop concussive symptoms later on. It is 
therefore advised to carefully watch all players 
having suffered head impact. In this respect, 
“when in doubt, sit them out” should be taught 
to all coaches, parents and other adults around 
the team.
73.4.1.3 Return to Play Considerations 
in the Young Player
Historically, the compliance to published return 
to play (RTP) guidelines after concussion has 
been poor as, for instance, shown among US high 
school players [17]. There is nowadays, however, 
wide consensus that a player with diagnosed con-
cussion should not be allowed to return to play on 
the day of injury [21].
Limiting physical and cognitive stimuli is 
key in the early management of concussion; this 
usually also means staying home from school 
1–2 days if a concussion has been diagnosed. 
Hereafter, a stepwise supervised programme, 
with stages of progression (Table 73.3), is 
advised [20]. Each stage should last approxi-
mately 24 h (or longer), and the child should 
drop back to the previous asymptomatic level if 
any post- concussive symptoms occur. Resistance 
training should only be added in the later stages. 
The child should not return to play or sport until 
he/she has successfully returned to school/
learning, without worsening of symptoms. 
Medical clearance should be given before 
RTP. If the child is symptomatic for more than 
10 days, review by a health practitioner with 
expertise in the management of concussion is 
recommended.
The age of the player should be considered 
in the RTP decision-making after a concussion. 
It is known that high school athletes take longer 
time to recover cognitive function than colle-
giate athletes, with cognitive testing being back 
to baseline after 10–14 days in the first-named 
group compared with 5–7 days in the latter 
[22]. Moreover, clinical experience shows that 
it takes even longer for children under the age 
of 12 years to reach baseline values than for 
high school- aged athletes. Consequently, the 
minimum time of 6 days before RTP, as out-
lined in the consensus statement for sport-
related concussion in athletes 13 years or older, 
is probably too short in most occasions for chil-
dren younger than 13 years [20].
Fact Box 2
A conservative approach with longer time 
frame for the symptom-free phase and until 
introducing heading and full return to play 
after concussion is recommended in 
children.
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73.4.1.4  Headgear Is Not 
Recommended
Considering the current knowledge on concus-
sion, would protective headgear upon RTP 
decrease the risk of recurrent injury? Several 
different types of headgear are marketed, all 
with the aim of protecting the brain during 
football- related head impact. Common to all 
headgears is an absorbing foam layer which 
mitigates head- to- hard surface impacts and 
could thus possibly decrease the head accelera-
tion in these situations [19]. However, during 
head-to-ball impact, regardless of wearing a 
headgear or not, the ball usually deforms more 
than the skull or the headgear which implies that 
there is no significant reduction in head accel-
eration. There is also a risk that the headgear 
itself might give players a false sense of security 
which in turn may cause them to play more 
recklessly and thereby increases the risk of 
injury [19]. Consequently, it is not recom-
mended to use a headgear in order to clear the 
young football player for a quick RTP after sus-
taining a concussion.
73.4.2  Anterior Cruciate Ligament 
Injuries
ACL injury is a rare injury in football before 
11 years of age with no reported sex differences 
but is thereafter increasing in both sexes up to 
18 years [23]. This increase is most pronounced 
among teenage girls who are believed to be most 
prone to sustain an ACL injury [24–28]. 
Unfortunately, there are reasons to believe that 
paediatric and adolescent intrasubstance ACL 
injuries are increasing in frequency [29]. Early 
sport specialisation with increasing demands on 
performance and year-round high-intensity train-
ing has been argued as possible reasons. However, 
improved magnetic resonance imaging (MRI) 
diagnostics and increased awareness that this 
injury also exists in the young population may 
also contribute to a higher frequency of diagnos-
ing and reporting.
73.4.2.1  The Best Treatment Is Still 
to Be Elucidated
Treatment of ACL injuries in the young player is 
often even more challenging than in adults. 
Treatment strategies for skeletally immature chil-
dren are continuously debated, and the methodolog-
ical quality of published studies in this field is 
limited [30]. As a general rule, non-surgical treat-
ment is usually implemented for at least 3 months if 
there are no associated injuries, followed by a grad-
ual RTP as long as the child does not experience 
giving-way symptoms. The younger the player is, 
the more successful nonoperative treatment can be 
expected [31]. Some healthcare professionals advo-
cate the use of bracing during physical activity as 
part of the nonoperative treatment regime, but there 
are no high-quality studies supporting this.
The general indications for surgery in the 
young player include instability at the desired 
activity level, associated repairable meniscal 
injury or associated high-grade ligament injuries. 
If secondary injuries to the menisci and joint car-
tilage can be avoided, bracing and physical activ-
ity modification followed by delayed ACL 
reconstruction (if needed) when the growth plates 
are closed is probably the safest approach. If sur-
gery is indicated before the closure of the growth 
plates, there are three principally different ACL 
reconstruction options: (1) extraphyseal surgery, 
(2) all-epiphyseal surgery and (3) transphyseal 
surgery [32]. The extraphyseal and all-epiphyseal 
reconstructions are both physeal-sparing tech-
niques and are most commonly used in prepuber-
tal or early pubertal children. The transphyseal 
ACL reconstruction has been used regardless of 
pubertal development, and this technique is 
essentially the same as for adults. The transphy-
seal ACL reconstruction can be complete (used in 
both the femoral and tibial sides) or partial (used 
in only one of the femoral and tibial sides). 
Historically, transphyseal surgery has been 
debated since it involves drilling over open 
growth plates and can thereby cause iatrogenic 
growth disturbances [33]. More recent findings 
have, however, shown transphyseal drilling to be 
a safe method if meticulous care is taken to drill 
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small-diameter tunnels perpendicular to the 
growth plate and fill the tunnels with soft tendon 
graft and not a hard bone plug or hardware [34].
73.4.2.2  Rehabilitation and Return 
to Play
The main treatment goal, regardless of the treat-
ment approach, is to allow a high physical activity 
level and to avoid subsequent ipsi- and contralat-
eral knee injuries such as meniscal and cartilage 
injuries but also instability episodes and graft fail-
ures. The literature is, however, scarce on explicit 
descriptions of rehabilitation protocols after ACL 
injury in children, and there is little consensus 
between existing protocols [35]. In addition, 
many of the protocols are based on time frame 
exclusively as the most important RTP criterion 
[35]. This differs to the current trend in ACL reha-
bilitation in older adolescents and adults, where a 
minimum time usually is combined with several 
functional milestones and discharge criteria.
Taken together, the risk of sustaining a new 
ipsilateral or contralateral ACL injury is substan-
tially increased in young athletes who are going 
back to high-level sports after an index ACL 
injury [36, 37]. Clearly, more research is there-
fore needed on the specific components of ACL 
rehabilitation in the young patients and on which 
criteria to apply in order to facilitate a safe RTP 
without subsequent knee injuries. Meeting spe-
cific functional test criteria and delaying RTP 
times may reduce reinjury risk substantially [38]. 
Therefore, in line with the guidelines for concus-
sion, it might be wise to use a more conservative 
approach than in adults when deciding RTP after 
ACL injury. Provided that the player also passes 
a discharge test battery, up to 12 months of reha-
bilitation before full RTP is proposed.
73.4.3  Fractures
There are several skeletal differences between 
the growing individual and the skeletally mature 
adult, e.g. the existence of the growth plates 
between the epiphysis and the metaphysis of the 
long bones and the apophyses of the tendon inser-
tions. The growing areas (growth plates) are the 
relatively weak parts of the developing skeleton, 
and younger players are therefore more suscepti-
ble to sustain fractures than adults, but poor fall-
ing technique, undeveloped neuromuscular 
coordination and less developed playing skill 
have also been suggested to contribute to this 
high fracture risk [10].
Fractures constitute up to 15% of the reported 
injuries among young players [11], and the risk of 
sustaining a fracture is higher during match play 
compared with training [39]. Whereas adults sus-
tain complete, and potentially unstable, fractures, 
children have a relatively higher proportion of 
incomplete fractures such as greenstick fractures 
in the metaphysis of the distal radius. Other unique 
fractures not seen in adults are compression frac-
tures, plastic bowing and apophyseal avulsions.
Acute bony injuries to the growth plate areas 
are also common in children. These physeal frac-
tures are classified according to Salter and Harris 
[40] and describe if there is involvement of the 
epiphysis and the joint line. Types I and II nor-
mally heal without any long-term sequelae. In 
contrast, types III and IV involve the joint surface 
and have a higher risk of disturbing the growth 
plate which can result in limb length discrepancy, 
angular deformity and impaired function.
73.4.3.1  The Healing Process
The different phases of fracture healing are the 
same as in adults: (1) inflammation (hours-days), 
(2) reparation (days-weeks), and (3) remodelling 
(months-years). The greater subperiosteal hema-
toma and the thicker periosteum contribute, how-
ever, to a formation of callus that is strong enough 
to render the fracture healed more rapidly than in 
adults [41]. Additionally, as a general rule, the 
younger the child is and the closer the fracture is 
to the growth plate, the shorter the healing time 
and the better the remodelling potential is.
Fact Box 3
The risk of sustaining a new anterior cruci-
ate ligament injury after returning to play is 
unacceptably high, and more research on 
discharge tests and on secondary and ter-
tiary prevention is warranted.
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73.4.3.2  Return to Play After 
Fractures
RTP is dependent on, for instance, player posi-
tion, player age, residual growth, fracture loca-
tion, fracture type and the chosen treatment. 
Many fractures in young players are stable and 
without significant displacement. Non-surgical 
treatment with a period of casting/bracing and 
partial or total unloading of the injury site is 
therefore often successful. The treating physician 
decides when the fracture can be loaded.
Because of the great diversity in the fracture 
panorama, it is difficult to suggest general rules 
or criteria for safe RTP. Player position is, how-
ever, important to consider since an outfield 
player might be able to RTP with a soft cast splint 
or a brace for a finger fracture or a “buckle frac-
ture” of the wrist (provided that the referee 
approves the cast or brace). Importantly, RTP 
should only be allowed if the physician judges 
the risk for worsening as minimal if, for instance, 
the player falls on the injured arm. On the other 
hand, when it comes to fractures in the lower 
extremities, the player usually needs to be side-
lined regardless of whether being immobilised or 
not. In these occasions, it is advised that full 
range of motion, neuromuscular coordination 
and strength are regained before sport-specific 
training starts. A rule of thumb is that it takes 
about as long time to regain full fitness to partici-
pate in sport as the injured limb has been immo-
bilised, that is, if a player was treated with partial 
weightbearing in a below-knee cast for 3 weeks 
after an undisplaced Salter-Harris type I fracture 
of the distal fibula, the player usually needs 
another 3 weeks of rehabilitation at minimum 
before RTP. Meeting functional test discharge 
criteria and having regained psychological confi-
dence is likewise important.
73.4.4  Apophysitis and Chronic 
Growth Plate Injuries
Similar symptoms as in insertional tendinopathy 
among adults can be seen in adolescent players 
with so-called traction apophysitis or osteochon-
drosis of the spine or lower extremities. Common 
examples of these conditions are the Sinding- 
Larsen- Johansson and Osgood-Schlatter diseases 
around the knee and the Sever disease in the heel.
73.4.4.1  Apophysitis
All these conditions are characterised by promi-
nent and painful tendon insertions, and pain 
occurs during running and jumping. These condi-
tions are usually self-limiting with symptoms 
resolving within 1–2 years or until skeletal matu-
rity is almost completed. Treatment is therefore 
symptomatic and consists of relieving traction 
and pressure on the affected apophysis as well as 
to avoid excessive running, jumping and kicking. 
A customised knee brace or an insole/heel cup 
might also help to unload the painful apophysis.
In general, there is no reason to sit the young 
player out from football for a longer period, but 
the overall training load might need to be reduced. 
The player is usually allowed to participate in 
match play. Treatment usually consists of physio-
therapy and painkillers after activity if needed, 
together with bracing or taping of the patella ten-
don for the knee conditions and the use of a heel 
cup or customised insole for the foot problems.
73.4.4.2  Chronic Growth Plate 
Injuries
The growth plate can also incur injury due to 
repetitive loading, which is thought to disturb the 
metaphyseal perfusion and disrupt the 
 endochondral bone formation with widening of 
the physis in the hypertrophic zone. Normally 
this process is self-limiting, but in some cases, 
growth disturbance of the physis can occur [42].
Symptoms of growth plate injury include pain 
and inability to load the affected extremity as 
well as swelling and tenderness around the phy-
sis. Radiological widening of the physis may be 
seen, whereas physeal cartilage extension into 
the metaphysis (another indirect sign of chronic 
growth plate overload) has been shown with 
MRI [43].
The principal treatment of chronic growth 
plate injury is to refrain from further loading of 
the affected extremity. If appropriate, bracing 
could be opted for in the initial treatment phase. 
In parallel, a range of motion exercises are started 
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early, and successively neuromuscular coordina-
tion and strength training is introduced. The reha-
bilitation period required varies from case to case 
but usually spans over 4–6 weeks. Most com-
monly these injuries will resolve without any 
growth disturbance, but there are reports of 
stress-related premature partial or complete phy-
seal closure [44].
While most commonly described for upper 
extremity problems in overhead sports, an 
increasing number of reports describe chronic 
growth plate problems also in the lower extrem-
ity. For example, it has recently been shown in a 
prospective study on adolescent male football 
players that the cam deformity of the hip is grad-
ually acquired during skeletal maturation com-
bined with intense physical loading [45]. 
Considering these findings, it is advised that 
players entering skeletal maturity pay close atten-
tion to symptoms from the groin area and that 
load is monitored and adjusted. Furthermore, 
cam and pincer are to be considered as morpho-
logical variants of the femur and acetabulum and 
do not automatically imply pathology in the form 
of femoroacetabular impingement syndrome 
(FAI) [46].
73.5  Safe Return to Play
A safe RTP after injury with a low subsequent risk 
of reinjury is the ultimate goal, regardless of what 
type of injury, in the young football player. The 
main dilemma is, however, that the decision for 
RTP often lies in the hands of coaches, parents 
and perhaps the player him/herself who rarely 
have sufficient medical qualifications. It might 
therefore be wise to recommend a “better safe 
than quick” attitude towards most injuries and not 
only severe injuries such as concussions, ACL 
injuries and fractures. Unfortunately, there is very 
limited knowledge on valid RTP criteria to be 
used in youth football without any access to club 
medical support, and this needs to be addressed in 
future research. As a minimum, following a step-
wise programme with gradually increased stress 
on the injured limb before returning the player to 
match play is recommended [47].
Take-Home Message
Football is a popular and safe physical activity 
for children and adolescents all over the world, 
contributing to improved physical health and an 
active lifestyle in adulthood. Injury rate in youth 
football is generally low but will increase with 
age and is about the same in late adolescence as 
in adults. The injury panorama in children is 
somewhat different from adults. Children under 
15 years of age will suffer more injuries to the 
upper extremity than adults but less strains and 
sprains in general. Any influence of ball size on 
injury rate in adolescent football has not been 
verified to date.
Specific injuries like concussion, ACL injury 
and growth plate-related injuries require specific 
caution and knowledge for optimal treatment and 
safe RTP for the young player. Considering the 
common lack of medical support in youth foot-
ball, it is important to educate and involve, for 
example, parents and coaches on how to prevent 
injuries, acutely treat common injuries on and 
adjacent to the field as well as collaborate with 
sports medicine practitioners on safe RTP. A cau-
tious approach to most injuries in children is 
therefore advised.
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74.1  The UEFA Elite Club Injury 
Study
The Union of European Football Associations 
(UEFA) Elite Club Injury Study (ECIS) was 
launched in 2001 with the aim to study the injury 
burden for professional football players in Europe 
[1]. The study is funded by UEFA and coordi-
nated by Professor Jan Ekstrand, former UEFA 
Medical Committee vice chairman and chair of 
the Football Research Group (FRG). FRG is an 
international research group based in Linköping, 
Sweden, responsible for running the study.
At present, UEFA invites all 32 clubs qualify-
ing for the Champions League group stage to par-
ticipate in the study (Fig. 74.1). In addition, clubs 
that have previously participated in the ECIS and 
stay on the UEFA top 50 club ranking may con-
tinue in the study. In 2016 the data set included 
more than 260 club seasons from nearly 50 pro-
fessional football clubs representing the highest 
league level in 17 different countries. Between 
2001 and 2016, approximately 13,000 injuries 
have been registered during 1.8 million hours of 
football and other physical training exposure.
74.1.1  Study Methodology
To briefly summarise the study methodology, all 
players with a first team contract are eligible for 
inclusion. Clubs register individual player 
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 exposure hours to training and matches and all 
football- related injuries that result in the player 
being unable to take full part in training or match 
play (i.e. time-loss injury) on standardised forms 
[2]. An injured player is considered absent due to 
injury until being cleared by the club medical 
staff to participate fully in all parts of training and 
being available for match selection. Injury sever-
ity is based on the number of days lay-off from 
the day of injury to the day of return to play 
(RTP) and categorised into four severity groups: 
minimal (0–3 days), mild (4–7 days), moderate 
(8–28 days) and severe (>28 days) [2].
For further reference in this chapter, a re- 
injury is defined as an injury of the same type and 
at the same site as an index injury within the pre-
ceding year. A re-injury within 2 months after 
return to full participation from the index injury 
is defined as an early recurrence and after more 
than 2 months as a late recurrence. Contusions, 
lacerations, abrasions, concussions and dental 
injuries are not eligible for categorisation into 
recurrence or not [3].
74.1.2  Injury Burden in Top-Level 
Football
The top-level players in the UEFA-ECIS cohort 
will sustain, on average, two injuries leading to 
time loss each season [4]. For a professional club, 
this translates to just over 50 injuries per season, 
with player training attendance and match avail-
ability averaging 77% and 86%, respectively. The 
latter figure has significant impact for the clubs 
since high player match availability has been 
found to correlate with team success in both the 
league play (higher league ranking and more 
average points per league match) and in European 
Cups (higher UEFA Season Club coefficient) [5]. 
Having two or more injuries in a match also cor-
relate with higher odds of losing or drawing that 
match [6]. Thus, reducing the number as well as 
the time loss from injuries has significant perfor-
mance and financial implications for top-level 
football clubs.
74.2  Burden of Re-injuries 
in Professional Football
Previous injury is probably the most consistently 
identified and strongest risk factor for injury in 
football. Players with previous injury have a sev-
eralfold increased risk of new identical injury 
compared with their peers without such injury 
history. For instance, for the “big four” injuries in 
football, studies have shown up to 11-fold 
increased risk of hamstring injury, 7-fold for 
groin injury, and 5-fold for knee and ankle sprains 
among previously injured players [7–13]. 
Re-injuries can comprise up to every fourth 
Fact Box 1 The UEFA Elite Club Injury Study
Since the start in 2001, about 50 top-level 
football clubs from 17 different countries 
have participated in the study.
Thirteen thousand injuries during 1.8 
million hours of football have been regis-
tered, making it the biggest database of its 
kind in professional football.
A professional football club can on 
average expect just over 50 injuries leading 
to time loss from play each season.
Clubs with fewer injuries and higher 
player match availability perform better in 
the league play and in international cups.
Fig. 74.1 Each season all 32 clubs qualifying for the 
Champions League group stage are invited to participate 
in the UEFA Elite Club Injury Study. Photo: Bildbyrån 
with permission
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injury in elite football and can often be more 
severe than the index injury, so it is evident that 
reducing injury recurrence rates should be a pri-
ority for professional clubs to decrease the total 
injury burden.
74.2.1  Re-injury Rates Lower Among 
Top-Level Clubs
The overall re-injury rate among the European 
top-level clubs in the UEFA-ECIS is about 
17%, which is lower than that found in a 
domestic league of lower ranking (25%) and in 
amateur football teams (35%) [14]. Not sur-
prisingly, recurrence rates thus seem to show 
an inverse relationship with playing level. High 
manpower of medical staff with access to qual-
ified medical and physiotherapy personnel 
working full-time with the team to ensure a 
quick initial injury assessment and high-level 
support during the rehabilitation is probably a 
key factor. Similarly, continuous assessment of 
the player during a graded RTP, as well as 
maintaining a sufficient level of training load 
during the rehabilitation, is important. Finally, 
with a large competitive squad, the top-level 
clubs may “afford” to have injured players off 
the pitch with lesser impact on the club’s per-
formance and thus allow sufficient time for 
rehabilitation.
74.2.2  Decreasing Trend 
for Re-injury Rates
The overall injury rates in the UEFA-ECIS 
remained virtually stable over the first decade of 
the study [4]. In contrast, a recent analysis focus-
ing specifically on re-injuries showed a positive 
trend with approximately 3% decrease in re- 
injury rate each year between 2001 and 2015 
(Fig. 74.2) [14]. Decreasing trends in re-injury 
rates were seen also specifically for muscle inju-
ries and ligament injuries, whereas for other 
injury types with high recurrence rates (e.g. ten-
don injuries and other overuse injuries), no 
decreasing trend was evident.
Fact Box 2 Re-injury rates
Re-injuries comprise 17% of all injuries in 
top-level football.
There is an inverse relationship between 
playing level and re-injury rates.
A positive trend is seen in the UEFA 
Elite Club Injury Study with a 3% decrease 
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Fig. 74.2 Decreasing 
re-injury rates (two- 
season moving averages) 
in the UEFA-ECIS 
cohort between 2001 
and 2015; with 2.9% 
each year for total 
re-injuries, 2.5% for 
muscle injuries and 
6.1% for ligament 
injuries [14]
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74.3  Re-injury Patterns
Re-injury rates are similar between training and 
match injuries in the UEFA-ECIS cohort, with 
17% and 16%, respectively [14]. This is in con-
trast to amateur level football where higher re- 
injury rates have been found during matches [15]. 
In the UEFA-ECIS cohort, re-injury rates are sig-
nificantly lower during the preseason preparation 
phase (11%) than during the first half (August–
December) and the second half (January–May) 
of the competitive season, with 15% and 20%, 
respectively [14]. The fact that recurrence rates 
are highest towards the end of the season, with 
conclusion of the league play and the final stages 
of international cups, could indicate a higher risk 
acceptance among clubs at this period. That is, 
players may be allowed to RTP quicker after 
injury to play important matches or allowed to 
play with ongoing complaints.
74.3.1  Early Recurrences Are 
Common
In the UEFA-ECIS, early recurrences (within 2 
months) comprise 77% of all within-season re- 
injuries [14]. The same pattern emerges for many 
injury types, such as muscle injuries, with a sig-
nificantly elevated re-injury risk in the first month 
after RTP (Fig. 74.3). Early recurrent injury indi-
cates premature RTP, irrespective of whether this 
is reflective of a failure to assess mental and/or 
physical readiness to RTP or deliberately accept-
ing a high risk (e.g., to allow the player back to an 
important match). The increased re-injury risk in 
the early stages after RTP suggests that both 
intrinsic factors (e.g. residual deficits after the 
index injury) and extrinsic factors should be 
monitored at this period. For instance, important 
extrinsic factors such as match congestion [16] 
and player workload [17] at RTP should be 
 managed to reduce re-injury risk, especially if the 
player has had an extended injury absence period.
74.3.2  Common and Time-Costly 
Re-injuries
Re-injuries are more frequent among overuse- 
related injuries (21%) than for acute-onset inju-
ries (14%) [14]. The top ten re-injuries with the 
highest frequency and burden (time loss from 
play) are shown in Table 74.1. Hamstring injury 
is by far the most frequent and time-costly re- 
injury (Fig. 74.4). Other lower extremity muscle 
injuries to the adductors, quadriceps and calf are 
also highly represented in the top ten list, as are 
joint and ligament injuries to the knee and ankle.
74.3.2.1  Muscle Injuries
Muscle injuries represent about one-third of all 
injuries in top-level football and have remained at 
a stable high rate over the last decade [12, 18]. 
Hamstring injuries, the single most common 
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2–4% yearly increase over the last 15 years [19]. 
One could speculate that evolvement of profes-
sional football with more match-like training sit-
uations (e.g. with more high-sprinting actions), 
greater match congestion and greater playing 
intensity in matches might contribute to an 
increased hamstring injury risk. Furthermore, 
poor adoption of evidence-based injury preven-
tive exercises such as the Nordic Hamstring 
Exercise has been reported among professional 
football teams [20].
Injury severity is often moderate, averaging 
2–3 weeks lay-off [18], and with a high risk of 
recurrence within the season (20–30%) [12]. As 
seen in Fig. 74.3, the re-injury risk is highest 
immediately after RTP with about half of all re- 
injuries to the hamstrings, quadriceps, adductors 
and calf muscles occurring within the first month. 
For hamstring injuries, the re-injury risk contin-
ues to increase up to 6 months after RTP, whereas 
for the other three muscle groups, the risk tends 
to level out at 4–5 months after RTP.
Among hamstring injuries in top-level foot-
ball, the biceps femoris (BF) muscle is predomi-
nately involved (84% of hamstring injuries) and 
less frequently the semimembranosus (SM) and 
semitendinosus (ST) muscles with 12% and 4%, 
respectively [21]. The early recurrence rate is sig-
nificantly higher among BF injuries (18%) com-
pared with SM/ST injuries (2%) [21] and tends to 
be lower for injuries with a negative MRI scan 
(7%) than for injuries with visible pathology 
(oedema or architectural disruption) on MRI 
(17–21%) [22].
Adductor-related injuries are more common 
than iliopsoas-related injuries in the UEFA-ECIS 
cohort, representing 63% and 8% of all hip/groin 
injuries, respectively, with a declining trend in 
incidence seen from 2001 to 2015 [23]. The early 
recurrence rate is higher for adductor injuries 
(11–18%) than for iliopsoas injuries (4–6%) [12, 
18, 23]. Early recurrence rates for quadriceps and 
calf muscle injuries ranges 12–17%, with up to 
21% of within-season re-injuries [12, 18].
Players who have had an injury to the ham-
strings, quadriceps, adductors or calf in the 
 previous season have a two- to threefold increased 
likelihood of new injury to the same muscle 
group compared with previously uninjured play-
ers [11, 12] and the risk increases with the  number 
Table 74.1 Ten top recurrent injuries as a function of frequency (% of all re-injuries) and burden (% of all time loss 
due to re-injury)
Frequency Burden
1. Hamstring injury 22.7% 1. Hamstring injury 17.1%
2. Adductor-related injury 11.6% 2. Knee cartilage lesion 8.4%
3. Quadriceps injury 6.4% 3. Adductor-related injury 8.1%
4. Calf muscle injury 6.1% 4. Achilles tendinopathy 6.8%
5. Lateral ankle sprain 6.0% 5. Quadriceps injury 6.5%
6. Achilles tendinopathy 4.3% 6. Calf muscle injury 4.6%
7. Knee synovitis/effusion 4.3% 7. Lateral ankle sprain 3.5%
8. Low back pain 3.3% 8. Knee meniscus tear 3.4%
9. Knee MCL tear 3.2% 9. Knee synovitis/effusion 3.1%
10. Knee cartilage lesion 2.9% 10. Knee MCL tear 3.0%
MCL medial collateral ligament
Fig. 74.4 Hamstring injury has the highest frequency 
and highest burden of all re-injuries in top-level football. 
Photo: Bildbyrån with permission
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of previous injuries [11]. Noteworthy is that pre-
vious injury to other lower extremity muscle 
groups also makes players more prone to new 
muscle injury [12], and this should be considered 
in the routine preseason evaluation and signing 
examination of players.
74.3.2.2  Joint and Ligament Injuries
Joint and ligament injuries have seen a signifi-
cantly declining trend in the UEFA-ECIS cohort 
over the last decade [4], including the most fre-
quent ligament injuries: ankle sprains [24] and 
medial collateral ligament (MCL) injuries of the 
knee [25]. In contrast, anterior cruciate ligament 
(ACL) injuries show a stable or even increasing 
tendency during the same period [26].
Within-season re-injury rates for acute joint 
injuries such as ligament injuries (11%) and par-
tial/complete joint dislocations (14%) are low to 
moderate, whereas re-injury among joint overuse 
injuries, e.g. synovitis (33%), is much more com-
mon [14]. Despite a relatively low re-injury rate, 
ankle sprains and MCL injuries both make it to 
the top ten list for recurrence frequency and bur-
den (Table 74.1), based on them being both quite 
common and moderately severe in nature. On the 
contrary, upper extremity joint injuries are quite 
rare in football, although more often seen in goal-
keepers [27]. A high re-injury rate is seen for 
shoulder dislocations (32%), whereas for acro-
mioclavicular joint sprains and dislocations, this 
figure is much lower (<5%).
Similar to the findings for muscle injuries, the 
re-injury risk for ankle and knee ligament injuries 
is highest in the first month after RTP, where 50% 
of all recurrences occur. About 1/10 MCL inju-
ries, and fewer 1/20 ACL injuries, are recurrences 
[25, 26]. However, following ACL reconstruc-
tion, many players experience other complica-
tions (e.g. new knee surgery) prior to return to 
full match play [26], and ACL-reconstructed 
players are five times more likely to suffer from 
knee overuse problems than their peers [28]. In 
line with the findings for muscle injuries, this 
lends further support that in addition to anatomi-
cally directly related re-injuries, other subsequent 
injuries after RTP are also a problem among joint 
and ligament injuries.
74.3.2.3  Tendon Injuries and Overuse 
Injuries
About 30% of all injuries in the UEFA-ECIS are 
overuse injuries, with a gradual onset and no 
known macrotrauma [29]. With the time-loss 
definition used in the study, it is, however, likely 
that the true burden of overuse injury is underes-
timated [30], and they thus comprise a signifi-
cant problem in professional football. Overuse 
injuries are often associated with extrinsic fac-
tors such as training load and volume, and they 
also peak during the preseason preparation 
period [29]. Common overuse injuries include 
low back pain, Achilles and patellar tendinopa-
thies, groin pain and joint synovitis [31]. Overall, 
one out of five tendon injuries is within-season 
recurrences, and they show no apparent declin-
ing trend over the last 15 years of the UEFA-
ECIS [14].
Both Achilles and patellar tendinopathies 
recur at a high rate, with 27% and 20%, respec-
tively [32, 33]. A high re-injury rate within the 
first month after RTP (Achilles 15%, patella 7%) 
probably reflects the recursive nature of tendon- 
related problems in professional football, as well 
as management strategies to allow players to RTP 
with reduced but ongoing symptoms that may 
flare up again. Many players may suffer from 
chronic conditions with fluctuating symptoms, 
and subsequent recovery periods, over the sea-
son. Due to their chronic nature, Achilles tendi-
nopathies have the fourth highest injury burden 
among re-injuries (Table 74.1).
Bone stress injuries are more rarely seen in 
football but are almost always of severe nature 
and may result in healing problems and some-
times a career end [34]. Fractures in total repre-
sent less than 5% of all injuries in the UEFA-ECIS 
[4], and traumatic fractures outnumber stress 
fractures at a rate of 8:1 [35]. Stress fractures, 
however, cause longer absence from play than 
traumatic fractures [35]. The most common loca-
tion for stress fractures is the fifth metatarsal, 
comprising four out of five stress fractures, fol-
lowed by the tibia and pelvis [36]. About 20% of 
all stress fractures are reported as re-injuries [36], 
with up to one-third of metatarsal five fractures 
being recurrences [34].
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74.4  Better Safe than Quick:  
Or Is It?
The RTP decision is complex and influenced by 
many medical (assessment of health risk) and 
non-medical factors (assessment of activity risk 
and risk tolerance) [37]. A key element is thus 
what level of risk the player, medical team, coach, 
etc. is willing to accept at RTP. This includes not 
only the risk of a re-injury but may also include 
risks of poor player performance or poor team 
results as a consequence of allowing or not allow-
ing RTP [38]. Ideally, the RTP should be as quick 
and as safe as possible. From a strict medical 
point of view, having the player welfare and 
safety in focus, it may be tempting to keep all 
injured players off the pitch a bit longer. By 
allowing sufficient time for tissue healing, reha-
bilitation and player recovery both physically and 
psychologically, the re-injury risk can most cer-
tainly be reduced. For instance, a more than dou-
bled re-injury risk was evident for Achilles 
tendon disorders with a short recovery (<10 days) 
compared with long recovery (>10 days) [32], 
and similarly, an association between longer 
recovery times and lower re-injury rates was 
reported in a systematic review on RTP after 
hamstring injury [39]. At youth or amateur lev-
els, a “play it safe” approach is clearly sensible 
[15], but at the professional level, other factors 
come into play. A medical team that is overly 
cautious, i.e. always keeping players off the pitch 
longer to minimise re-injury risk, may be short 
lived in the professional football environment. 
Moreover, from a strict player availability per-
spective, it may not always pay off.
Figure 74.5 shows a fictive example of two 
different approaches to RTP decisions and the 
effect on re-injury risk and player availability. 
The example shows that both teams suffer ten 
injuries (average absence 15 days) during a 
2-month period, and they are followed for 2 
months after RTP. Team 1 has an “aggressive” 
approach, favouring a quick RTP, and accepts a 
moderate to high early re-injury risk. In contrast, 
team 2 has a “play it safe” approach allowing an 
extra week of rehabilitation for all injuries in 
order to minimise the re-injury risk. In the 
“aggressive” team, two of the ten players suffer a 
re-injury after RTP, whereas the “play it safe” 
team manages to avoid early re-injuries com-
pletely. So, the big question is: Does the “play it 
safe” approach reduce the total injury burden? 
The answer is no. Actually the team using the 
“aggressive” approach has a higher total player 
availability (85% versus 82%) during the total 
4-month period, and the “play it safe” approach 
results in 22% more days lost to injury. Hence, 
from player safety and welfare perspectives, the 
“play it safe” approach (low re-injury risk) is 
obviously preferable, while from economy (less 
player absence) and team success (higher player 
availability) perspectives, the “aggressive” 
approach might win. We acknowledge that it is a 
simplified example and not applicable to poten-
tially serious injuries such as concussions. Still it 
highlights one of the many challenges faced in 
the RTP decision in professional football. In real-
ity, balancing risk and reward requires a unique 
judgement for each RTP decision.
Take-Home Message
Re-injuries comprise almost one in five injuries 
in top-level football, and the re-injury risk is 
highly elevated in the first month after 
RTP. Avoiding (early) re-injury is therefore 
important to reduce the impact of injuries in a 
club. Valid RTP criteria after injury to reduce re- 
injury risk are, however, largely lacking and 
should be a research priority in the future. In the 
Fact Box 3 Re-injury Patterns
The re-injury risk is elevated in the imme-
diate stages after return to play (RTP), with 
50% and 77% of re-injuries occurring 
within the first and second months, 
respectively.
Re-injuries are most frequent towards 
the end of the season, suggesting a higher 
risk tolerance in the RTP decision.
Muscle injuries to the hamstrings, adduc-
tors, quadriceps and calf are among the most 
common and time-costly re-injuries.
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absence of clear evidence, medical practitioners 
working in the professional football environment 
are required to make a unique judgement for each 
RTP decision while balancing the risk and reward 
of having an accelerated versus prolonged recov-
ery period.
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 Healthy Football Players in Different Playing 
Situations
Football is the most popular sport in the world. 
Players are many, spectators many more. There 
are millions of people watching the big games 
every weekend all over the world. However, foot-
ball is not only about the big games, it is also 
about the vast amount of games played on a lower 
level. While football is a lot of fun and excite-
ment, there is also the unfortunate backside of 
injuries and illnesses. We need to pay more atten-
tion on how to prevent injuries. In the course after 
injury we also need to understand much better 
how and when to return to play. This book is 
about safe return to play after injury and illness. 
It covers how to optimize the return and how to 
avoid the risk of relapse. This is not only relevant 
for the physical preparations of the players, but 
also the mental and tactical ones.
We who work with the players’ health need 
to understand their individual needs and 
requirements. We need to study recent scientific 
knowledge and understand how to implement 
it, not only at the clinic but also on the football 
field.
This book is about football players’ health, 
how to prevent and treat their injuries and when 
they are fully prepared to return to play. It covers 
how to make sure that the risk of relapse is mini-
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Gastrointestinal infection, 764
Gaze stability test (GST), 691, 692
Gender, 184
General adaptation syndrome (GAS), 639
German football leagues, 218
German-speaking society of arthroscopy (AGA), 219
Get aHEAD Safely in Soccer™ (Get aHEAD™), 718, 
719
Global Positioning System (GPS) technology, 26, 878





hand and wrist injury, 896–897
influence of match rules, 895
injuries to upper extremity, 896





return to play test, 902
shoulder injury, 897
specific injury profile, 896
training and warm-up, 899–900
trunk and head injury, 897, 898, 901












inguinal pathology, 339, 340
pathologies, 342
treatments, 334
‘stay and play’ procedure, 465
Growth factors, platelet-rich plasma, 274–275
H
Hamstring graft, 550, 551










protective equipment, 715, 716
sex differences, 716
skill improvement, 718, 719
in youth player, 715, 716
Head injury, 897
Healing process, 662, 663















Higher preoperative motivation, 185
High tibial osteotomy, 480





Hip flexor stretch, 21
Hip injury, prevention, 38
Hop tests, 224, 225, 490
Hopkins Verbal Learning Test (HVLT), 675
Hormonal system, during football, 87
Human performance optimization, 17
individualized training, 20
injury prevention, 22








Hyaluronic acid (HA) injections, 341
Hyperbaric oxygen therapy (HBOT), 421
Hypertension, 741
Hyperthermia, 759





Illinois agility test, 497
IM, see Infective mononucleosis (IM)
Immediate Post-concussion Assessment and Cognitive 
Testing (ImPACT), 674–676, 689
Immobilization, patellar dislocation, 652
Immune system, and infectious diseases, 87–88
Individual fit profile, 814–815
Individualized training, 20
Inertial sensors, 198–199
Infection, return to play after





reasons for not exercising during, 760–761
URI infection, 761–762
Infective illness, 755












information to team coach, 455
management, 811
patterns, 454–455
player susceptibility to, 464




high knee abduction moment, 42
hip/groin injury, 38
knee injury, 39–41












in youth football, 944–950
Injury aetiology model, 874
Injury prevention exercise programme (IPEP), 920
compliance and program adherence to, 914–915
evaluating the implementation of, 925–926
knee control, 920




adult women’s vs. men’s football, 933
children, 943
male youth and senior player, 943
youth football, 942–944
In-shoe pressure analysis, 401
Intelametrix®, 27
Intelligent management of modifier, 814
International Association Of Athletics Federations 
(IAAF), 836
International Cartilage Repair Society (ICRS), 601
International Knee Documentation Committee (IKDC), 
196, 492, 531
International Knee Documentation Committee  
Knee Ligament Evaluation Form  
(IKDC—KLEF), 266
International Olympic Committee (IOC), 836
International tournament, 944
Interval kicking program, 493–495
Intra-articular healing, 539
Intra-articular injection therapy, 595
Intraclass correlation coefficients (ICCs), 676
Intra-osseous healing, 539
Invasive treatment, 461
In vitro cadaveric studies, 50
In vivo gait/posture studies, 52
IPEP, see Injury prevention exercise programme (IPEP)





Joint contact forces, 6
Joint homeostasis, 161, 162
Joint injury, 958
Joint play envelope, 51, 52
Joint stability, 48
Jones fracture, 394
Jump coordination path, 105
Jump sensor, 105
K
Kaeding and Miller classification system, 389
Kicking leg, changes in, 113–114
Kinetic chain, ACL injury, 49
King-Devick test, 692
Knee control
injury prevention exercise programme, 920–921
project in Swedish football, 920
RCT in girls’ football, 922
Knee effusion, 128
Knee injury







soccer and team handball, 139
Knee Injury and Osteoarthritis Score (KOOS), 267
Knee joint, 3
Knee Outcome Survey-Activities of Daily Living 
Subscale (KOS-ADLS), 132





Landing Error Scoring System (LESS) score, 225, 491
Lateral extra-articular tenodeses (LETs), 551
Lateral jump test, 165
Lateral ligament lesions, 366
clinical presentation, 366
diagnosis, 367
return to play and prevention, 368
treatment and rehabilitation, 367
Lateral meniscus, 584, 586




pivot-shift test, 197, 199
triaxial accelerometers, 198
unidirectional static laxity, 196
Lay-off of football player, long, 793
Leg extension, 5
Ligament augmentation and reconstruction system’ 
(LARS®), 531
Ligament dominance, 874










Long-acting beta-agonist (LABA), 776
Long lay-off of football player, 793
Long QT syndrome (LQTS)
diagnosis, 746
management, 746
return to play, 746–747
Loss of consciousness (LOC), 729
Low back pain (LBP), 292–293
acute, 294–295
chronic, 295–297
‘stay and play’ procedure, 465
Lower extremity injury, risk factor, 36
Low-intensity pulsed ultrasound (LIPUS) therapy,  
404, 422
LQTS, see Long QT syndrome (LQTS)
LSI, see Limb symmetry index (LSI)
Lumbar disc hernia (LDH), 297–299
Lumbar spine
aetiology, 293





Magnetic field, stress fracture, 422
Magnetic resonance imaging (MRI)
coronal oblique T2 cut, 257




MCL injury, 513, 529
microfracture, 600
MT stress fracture, 397
muscle injury, 449
navicular stress fracture, 390
recovery in non-operatively treated ACL rupture, 256
role, 812
sagittal oblique T2, 259, 260
stress fracture, 391, 413–415
MaioRegen™, 630
Major League Soccer (MLS), 151, 193
Marx activity scale, 267, 268




Matrix-induced ACI (M-ACI), 617
Matrix-induced autologous chondrocyte transplantation 
(MACT), 626, 629, 630
MBM, see Medicine-based evidence (MBM)
Mechanics of materials
mechanical properties of tissue, 10
rigid body mechanics, 8–9
structural properties of a complex, 9
Medial clear space (MCS), 372





















non-operative treatment, 516–518, 520
operative treatment, 518–520
return to play, 520
treatment, 514–517
ultrasound, 514
Medial ligament complex (MLC)
clinical presentation, 371
diagnosis, 372
return to play and prevention, 373
treatment and rehabilitation, 372
Medial meniscus, 584–587
Medial patellofemoral ligament (MPFL), 651, 652, 830
Medial tibial stress syndrome (MTSS), see Shin splint
Medical decision-making process, in elite sports, 786
Medical issue, football coach in, 796
Medical staff role, 764
Medical support, 937
Medical team, 116
Medical team of agent, 838
Medicine-based evidence (MBM), 823
Medicine, future of, 823
Medicolegal issue, 555, 556, 783
Medline, 893
Meniscal allograft transplantation, 589
Meniscal injury, 476
Meniscal repair, 549
complications and surgical revisions, 586
indication, 584, 585
loaction of tear, 585




rehabilitation, 585, 586, 589
stable/stabilized knee, 584
tear type, 584











Mental health, during football, 89–91
Mesenchymal stem cells, 275, 631






fifth, 395, 396, 398, 400–402
MRI, 397
radiograph, 396






Metatarso-cuneiform (MTC) joints, 388







Minimally invasive surgical repair, 431, 433




















low back pain, 465
muscle strains and contusion, 465
phalanxes fractures, 466




tapes and bandages, 461
unguents and lotions, 461
Mitigating factor, 823
Moderate drinking, 858
Modified Star Excursion Balance Test, 370
Modifier, intelligent management of, 814
Mononucleosis, 763
MOON, see Multicenter Orthopaedic Outcomes  
Network (MOON)
Mosaicplasty, 476, 626, 627
Motion, at articular surface, 7
Movement quality, 491
MRI, see Magnetic resonance imaging (MRI)
Multicenter Orthopaedic Outcomes Network (MOON), 
247, 488
evidence behind, 250–251
football vs. other sports, 252
rate of return to play, 251–252
rehabilitation guidelines, 247–250
Multidisciplinary assessment team, 684
Multilevel decision model, 785
Multiligamentous knee injury, 517
Multimodal assessment battery, concussion, 684
aerobic/exertion tolerance, 685, 694
emotional functioning, 692, 695
neurocognitive testing, 687–689
oculomotor dysfunction, 692, 693
symptom provocation, 685
vestibular system, 689, 693
Multiple knee ligament injury, 637
acute postoperative management, 637–639
load monitoring, 640–643
periodization, 639–640
return to play, 643–644
running and speed agility program, 645–646
training load, 643
Munich classification system, muscle injury, 442
Muscle contusion, 446, 447, 465

















return to play, 442, 445–449
risk factors, 447
spine-related, 447




Muscle strain injury, 293, 465, 813
Muscle sprains, 293
Muscle strength analysis, 164, 666
Muscle weakness, 412

















Narrative-based medicine (NBM), 823
National Collegiate Athletic Association (NCAA), 349




clinical profiles and targeted treatment, 704, 706
cognitive testing, 703
detection, 700
diagnostic assessment, 702, 703
in-office evaluation, 701–706
modified Maddock’s questions, 701
player evaluation, 700
return to play, 705
symptom report, 703
VOMS assessment, 703
National Hockey League, 689



















surgical technique, 391, 392
Navicular stress reaction (NSR), 390
NBM, see Narrative-based medicine (NBM)
Neurocardiogenic syncope, 740
Neurocognitive testing, 687, 846
baseline Baseline neurocognitive testing
concussion, 687–689, 725
Neuromuscular electrical stimulation (NMES), 240, 241
Neuromuscular factor, after ACLR, 199
Neuromuscular fitness, 23
11+ Neuromuscular training program, 910–913
Newton’s law of static equilibrium, 4
Nomogram, 42
Non-compaction cardiomyopathy, 747, 748
Non-invasive treatment, minor injury, 461









MCL injury, 516, 517, 520
muscle injury, 444
Non-steroidal anti-inflammatory drug (NSAID), muscle 
injury, 444
Non-time-loss injury, 454–456
‘stay and play’ procedure, 466–467






OBM, see Omics-based medicine (OBM)
Occipital condyle fractures, 290
Oculomotor dysfunction, 692, 693, 725
Omics-based medicine (OBM), 823
One-leg counter movement jump, 104
One-leg stability test, 103, 104
On-field rehabilitation (OFR) program, 493, 496,  
see also Rehabilitation




total joint replacement, 481







MCL injury, 518, 519
chronic symptom, 529–532
phase I modification, 518
phase II/III modification, 519
Optical motion capture technique, 199
Oral medication, minor injury, 461
Orthobiologic therapies, 273
advances in, 279
autologous adipose tissue, extraction, 276
growth factors and platelet-rich plasma, 274
ligamentous healing and repair, 277–278
mesenchymal stem cells, 275
Orthopaedic surgeons, 554






return to play, 481–483





return to sport, 478
Osteoarthritis Research Society International (OARSI), 
472, 473, 475
Osteochondral allograft (OCA), implantation, 627
Osteochondral autograft transfer (OAT), 614, 615, 
618–620
Osteochondral autograft transplantation (OAT), 596, 615, 
617, 618, 620
Osteochondral defect (OCD), 378
clinical presentation, 378
diagnosis, 378
hyalograft C implantation, 629
return to play and prevention, 380
treatment and rehabilitation, 379
Osteochondral transplantation, see Mosaicplasty
Osteochondritis dissecans (OCD), 390–391
Osteotomy, 531, 532
Ottawa ankle rules, 367
Overuse injury, 456, 457, 958
P
Pain-free snapping hip, 336




Paper-based measures, baseline testing, 671









Partner hamstring stretch, 21
Patella stress fracture, 418, 420
Patellar dislocation, 649, 650, 652–658
healing, 651–652




Patellar mobilization, 519, 638, 639
Patellar tendinopathy, 662, 889






Patellofemoral joint stability, 650–651
Patient autonomy, 815
Patient-reported outcome measures (PROMs), ACLR, 492
Peak expiratory flow rate (PEFR), 776
Pearson’s correlation coefficients, 676
Pelvic stress fracture, 414
Pencil-and-paper (PnP) measures, 671, 672
PEP program, see Prevent injury and enhance 
performance (PEP) program
Performance
evaluating effects on, 924–925
pyramid, during the rehab process, 829, 830
Periodization, 19
linear periodization, 19
multiple knee ligament injury, 639
nonlinear periodization, 19
Periodized nutrition, 22, 23, 25
Personality Assessment Inventory, 693
Perturbation studies, 53
Phalanxes fracture, 466
Pharmacological therapy, osteoarthritis, 475
Physical activity (PA), 739–740
Physical activity score (PAS), 432








Pistol grip deformity, 341




navicular stress fracture, 389
stress fracture, 395, 396, 398, 399, 412, 415











using wearable technology, 26
Plyometrics, 104
Pneumothorax (PTX), 777–779
POL, see Posterior oblique ligament (POL)
Polar Team Pro models, 27
Polydioxanone (PDS), 277
Polyurethane scaffold, 477
Pool-based rehabilitation programs, 542
Porto-knee testing device (PKTD), 207–210
Post-concussion symptom recovery, 724
Post-Concussion Symptom Scale, 685
Posterior cruciate ligament (PCL), 571, 572
Posterior oblique ligament (POL), 510, 511
MCL injury, 530, 531
Posterior talofibular ligament (PTFL), 366
Posterolateral corner (PLC) injury, 569–570
Fanelli classification, 570, 572
grading and classification, 570–580
isolated, 571
recommended postoperative rehabilitation, 573
reconstruction technique, 569, 570
with PCL, 571, 572
Post-exertional syncope, 740
Post-traumatic amnesia (PTA), 729
Post-traumatic migraine (PTM), 730
Postural control tests, 224
Postural stability, SRC, 725
Power endurance, 23
Precompetition medical assessments (PCMAs), 86
Pre-injury screening (PRE), 221
Premenstrual symptom (PMS), female sex hormones  
and injury, 932
Preparations rich in growth factors (PRGF), 421
Preseason screening tests, 117





Professional football, burden of re-injuries in, 954–955
Progressive overload, 18
PROMs, see Patient-reported outcome measures 
(PROMs)
Protein, 24





of return to play, 844




Psychological health of athlete, 844
Psychological readiness, 76
Psychological recovery, 73
Psychology, ACL injury, 544
Psychosocial stressor, 853
Psychotherapy, 676
PTX, see Pneumothorax (PTX)






Quadriceps femoris (QF) muscle, 653, 654
Quadriceps muscle strength, 237–238
factors affecting, 238–240
rehabilitation strategies, 240–242
Quadriceps strength deficits, 130–131






Qualitative movement pattern evaluation, 191
Quick feet test, 105




MT stress fracture, 396
Radiography, stress fracture, 412, 420
Randomised controlled trial (RCT), dissemination efforts 
after, 925
Range of motion (ROM) exercises, 368
Rating of perceived exertion (RPE), 436, 878
Referees, 116, 866
Referred pain, 446–447
Rehabilitation, 516–520, 537, 538, 540, 541, 653, 654
Achilles tendon rupture, 433, 434
ACL injury, 536, 540
postoperative phase, 537
preoperative phase, 537
return to play, 541
strength and conditioning phase, 540–541
time resumption, 538
ACLR, 551
and return to play, 948
biomechanics, 13
footballer, 554
functional movement analysis, 830
MCL injury
non-operative treatment, 516, 517, 520








patellar tendon rupture, 664, 665
performance diagnostics in, 119–120
PLC injury, 573
pool-based, 542
quadriceps tendon rupture, 664
return to play, 820
steps, 573
surgical implications for return to play, 829
time-based vs. criteria-based  
rehabilitation, 117–119
Re-injury, 442, 446, 449
in professional football, 954
risk of, 543
Re-injury pattern, 956
common and time-costly re-injury, 956–957
early recurrence, 956
joint and ligament injury, 958
muscle injury, 956–958
tendon and overuse injury, 958
Re-injury rate
decreasing trend for, 955
lower among top-level clubs, 955
Reliable change indices (RCIs), 676
Repeated sprint ability (RSA), 22
Repeated sprint tests (RST), 565
Re-rupture rates, 160
Research methodology, 890–891
Residual knee laxity, 206
Resistance training variation, 18
Respiratory infection, 779, 780
Responsibility, football coach, 796
Return to activity (RTA), 221
Return to competition (RTC), 222
Return to paly (RTP), 541–544
ACL injury
assessment tool, 542
biopsychosocial factors, 543, 544
gradual and training schedule, 543
rehabilitation, 541
Return to participation (RTPa), 489
Return to performance (RTP), 489
ACL reconstruction, 500
Return to play (RTP), 222, 532, 846–848
Achilles tendon rupture, 432, 436
advanced osteoarthritis, 481
articular cartilage injury, 597, 601, 603, 618





coronary artery disease, 743
criteria, 820
for soccer, 846–848




MT stress fracture, 393, 394
multiple knee ligament injury, 643
muscle injury, 442, 445, 447, 448
osteoarthritis, 478–479
principles, 841–842 specific types of return to play
SRC, 726
after stress fracture, 422–423




Isokinetic dynamometer test, 560
subjective assessment test, 560
ACL reconstruction, 487, 498
decision-making process, 489–492
interval kicking program, 493–495
laxity/biological assessment of graft, 498










after knee injury, 101–102
Cincinnati sports activity scale, 266
clinical criteria, 120
counter movement jump, 104
criterion-based rehabilitation progression, 128
definitions, 265
discrepancy between unidimensional  
measurements, 268
elite football, 116
gradual RTP guidelines, 133–134
International Knee Documentation Committee Knee 
Ligament Evaluation Form, 266
knee effusion, 128–129
limitations, 122–125
Marx activity scale, 267
measures of activity and participation, 265–266
Norwegian model
Achilles tendon rupture, 145, 146
case example, 143–146
clinicians and researchers, 140
injury, 139–143
one-leg counter movement jump, 104
one-leg stability, 103
outcome following surgery, 263–264
overall rates, 264
performance indoor criteria, 120–121
performance outdoor criteria, 121
plyometrics, 104
predicting, 184







test battery for, 102
time frames, 133
two-leg stability, 103
unidimensional self-report vs multidimensional 
assessments, 267
University of Delaware
clinical impairment resolution, 129–130
GRS, 132
KOS-ADLS, 132
limb symmetry indexes, 132
quadriceps strength index, 130
single-leg hop testing, 131
validation, 133
Return-to-sport, 116
Reverse linear periodization (RLP), multiple knee 
ligament injury, 639, 640
Rhabdomyolysis, 761
Rigid body mechanics, 8
Rigid carbon inserts, Fifth MT stress fracture, 402
Rolimeter, 196, 197
Rolling motion, 7
Rotator cuff injury, 313
conservative treatment, 316
epidemiology, 313–314




return to play, 318–319
surgical treatment, 316
therapeutic approach, 315
Rotatory instability, anteromedial, 512, 513, 517
RTP, see Return to performance (RTP); Return  
to play (RTP)
Running progression, 129, 646
S
Safe return to play, 937
Santa Monica Orthopaedic and Sports Medicine 
Research Foundation, 909
São Paulo Athletic Club, 149
Self-rehabilitation, 537
Sesamoid stress fractures, 403
Shear force, 6
Shin splint, 416–418




Short-acting beta-agonist (SABA) inhaler, 776
Shoulder injury, 321, 897
anterior instability, 323, 327
arthroscopic view, 325
axial magnetic resonance arthrogram, 323
biomechanics, pathoanatomy, and natural history, 322
glenohumeral anteroposterior and axillary view, 327
immobilization, 323–324
nonoperative management, 326–328
on-field and early evaluation, 323
operative management, 324–326
Shuttle run test, 562, 563
Sideline assessment, concussion, 684, 699–701
Signal/actual performance value, 21
Single heel rise, Achilles tendon rupture, 435
Single leg squats, 20
Single-leg hop test, 131, 132
Single-leg jump test, 563, 564
Single-leg test, 563
Single-legged squat test, 564–565






Smallest worthwhile change, 21
Snapping hip syndrome, 335
Soccer-related injury, 907








Spinal cord injury (SCI), 290
Spinal cord neurapraxia/concussion (SCN/SCC), 
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Sport Concussion Assessment Tool (SCAT), 673, 674
Sport Performance Tracker (SPTTM), 27
Sport-related concussion (SRC), 723–724
athletes continuing to play, 731
cognitive symptom, 730 Concussion
determining recovery from, 724, 725
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harming and protective factor, 36
Sports medicine, 841
team, ethical considerations, 842–843
Sport-specific stressor, 854
Square hop test, 564
Square jump test, 165
Squat progression, 641
SRC, see Sport-related concussion (SRC)
Standardized and automated robotic (STAR) clinical 
knee examination system, 54
Star Excursion Balance Test (SEBT), 43, 224, 369
StARRT model, see Strategic Assessment of Risk and 
Risk Tolerance (StARRT) model
Stay and play’ procedure, 459, 463–467









low back pain, 465
muscle strains and contusion, 465
phalanxes fractures, 466






Stem cell treatment, muscle injury, 444
Strain, 10
Strategic Assessment of Risk and Risk Tolerance 
(StARRT) model, 500, 538
Strength deficits, 161
Strength test, 563–564
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Stress, 10




bone scan, 413, 419
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clinical presentation, 411












high-risk and low-risk, 412
imaging modalities, 389
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MRI, 397
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MRI scan, 390, 391
palin radiograph, 389
risk factors, 388–389




plain radiograph, 395, 396, 398, 399
radiography, 412, 413, 420
return to play, 422






bone morphogenetic proteins, 421
growth factor, 421
hyperbaric oxygen therapy, 421
low-intensity pulsatile ultrasound therapy, 422







Strict controls of tissue load, 812
Stroke, heat, 759
Stroke test, 128
Subjective assessment test, ACL  
injury, 560
Subjective Patient Outcome for Return to Sports 
(SPORTS) score, 267
Sudden cardiac death (SCD), 742
Summer Olympics in 2004, 783
Superficial MCL (sMCL)
anatomy, 511
bursal space, 527 Medial collateral ligament (MCL) 
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Surgical implications for return to play
case study, 830–831
diagnosis and treatment, 827




Surgical reconstruction, biomechanics, 13
Swain test, 512, 528
Sweden, 173, 174, 176–179
ACL injury
clinical status and physical  
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return to play, 179
revision surgery, 176
Swedish ACL Registry, 488, 570
Swollen feet syndrome, 410
Symptom recovery, post-concussion, 724
Symptomatic therapy, minor injury, 460
Syndesmotic ligament lesions, 373
clinical presentation, 374
diagnosis, 374
return to play and prevention, 377
treatment and rehabilitation, 375
Systemic disease, 661
T
T1-weighted MRI coronal image, MCL, 527
Talus stress fractures, 402, 403




goals and expectations, 829
performance and injury prevention, 22
Team physician, definition, 838
Technetium-99m bone scan, 333
Tegner scale, 265
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rehabilitation protocol, 664, 665
rupture of Specific types of tendon rupture
structural properties, 663
Tensile failure tests, 9
Tension pneumothorax, 777
Teriparatide, stress fracture, 404
Theanine, 766
Therapeutic use exemption (TUE), 87
Thigh injury, prevention, 38
Thoracic spine, 292
360° lungea, 21
Tibial stress fracture, 412, 413, 416, 422
TightRopes® fixation, 377
Time-based decision making, 102
Time-based rehabilitation vs. criteria-based 
rehabilitation, 117
Tissue load, strict controls of, 812–814
Tonsillitis, 763
Total energy expenditure (TEE), 23
Total joint replacement, osteoarthritis, 481
Traction technique, 461
Training impulse (TRIMP), 878
Training load, 643, 876–881










Traumatic spinal fractures, 301–303
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MCL injury, 514, 529
MT stress fracture, 397
Undulating periodization, see Nonlinear  
periodization
Unguent, minor injury, 461
Unicompartmental knee arthroplasty,  
osteoarthritis, 480, 482
Unidirectional static laxity, 196
Union of European Football Associations (UEFA) Elite 
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injury burden in top-level football, 954
study methodology, 953–954
Upper respiratory infection (URI) infection, 761




Valgus overlap, 53, 56
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MT stress fracture, 396
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W
Wearable player monitoring technologies, 26
Weight management, osteoarthritis, 474
Weight reduction program, 6
Wolff’s law, 411
Wolff-Parkinson-White (WPW) syndrome, 745
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history of, 929–930
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World Anti-Doping Agency (WADA), 741
Wrist injury, 896
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